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P R E I A C E 


I I 


The (Joveniffient of India has accepted Vocational Education 
as a viable link between education and productivity, A target 
has been set to have 50 of students in the vocational stream 
^.Ithough, at present, only 2.5 of the.student populace take up 
vocational courses. There are only li St'it os and 5 Union Terri¬ 
tories catering to vocational courses. Therefore the goal of 
inducting 50 students to vocational studies is a gigantic task. 


The states which have taken up this programme with the 
existing resources need textbooks, supplementary reading 
materials and practical manuals, among other support materials 
or successful implem(Station of thuse courses. 


I 


The teacher is another important factor who should be^ 
trained for and tu:.iicd to the vocational courses. Provision has 
to be made for appropriate teacher education for vocational 
courses. Meanwhile, as a short term moasuro a method has to be 
devised to draw people from industries and other institutions 
who could use their specialization for teaching these vocations 
and there stiould be proper mix of full time and part time 
teachers. 


In view of the importance of the programme and necessity 
'for appropriate and adcquat^j instructional materials, ilOERT is 

t ' .. 

making all efforts to provide academic support to different 
states. 

P It was felt that cncmistry-based vocations arc many and 

a good background of chemistry would be helpful for students 
b&Longing to the vocational stream. So a project to develop 
some BUpplemeritary reading mabcri-Qls in chomLctry which would 
bo useful in case of a number of vocational courses was tak^ up. 
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Wo stron^y felt thot elong v/xth their training in 
vocations, the students would bcjnofit from relevant background 
knowledge from academic disciplines but for which the training 

f 

in vocationas would hot be much meaningful. 

Keeping in view the essential academic requirements 
supplementary reading matcrinls wuro prepared in support of 
four ViOGational areas, namely (i) Dedrying (ii) Crop Production, 
(tii) lq.boratory Techniques and (iv) Photography. 

The book entitled tG-uidclinos for the Development of 
Instructional Matoriols for Yocational Courses' published by 
D^artment of Yocationalization Education, ECERT, was a useful 
guide for the preparation of these materials. 

Materials were prepared during a workshop hold in the 
Department of Education in Soionce and Mathematics during 
January 28 to February 2, 1985. Participants v/orked in groups 
according to the area of their special,ization. Their names as 
group members and a autors are mentioned elsewhere end their 
contributions are acknowledged. 

This booklet on dairying attempts to docls with essential 
chemistry chapters of carbahydrn,tcs, lipids, proteins, enzymes, 
vitamins hormones, fermentation, food colour and dyes, preserva¬ 
tives adultermts caid neutralizers, water, solution, acids find 
bases, indicators, detergents, chemical soni tizors^ analysi s of 
water, chemistry of solvents and preparation of reagents. The 
standards wherever nocossary hava buen given. 

V/o hope tills booklet woul-J bc useful to those who 
choose vocations relatt.d bo Dairying, 

I am grateful to participates for their interest and 
contribution, I am specially thankful to Prof. A.K. Mishrn, 

Head, Dqiartmant of Yocatiojinli zation of Education who .'took keen 
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intcrosi: l-n motivating ray eollcagues in tliis Departmont. His 
introduLctony remarks in the "beginning of the workshop provided 
important gaidolincss for tho pairticipnnts. I am also grateful 
to Dr. A.K. Sachoti, Reader, Department of Vocationolizatxon of 
Education who contributed to the dovclopment of t he matorial, 

I thank ray colloaguoa Dr. B,D. Atreya, Lr. B. Prakash, 

Dr, K, Mittal, and Dr. (Mrs.) S. B. Malik for their interest 
in the projuot, I appreciate the efforts made Toy 
Dr. (Mrs.) S. B. Malik for conducting the workshop, toclmical 
editing and hiinging out this manual, 

Goronents for iraproveraent of the raonual are welcome. 




( B.JIANGULY ) 
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introduotlon; 

This class of compounds are aiaong the most common 
constitutents of plants and animals. In animals they provide 
a source of energy while In plants they form the greater 
part of the cell tissue on which the plants rely for their 
support, They include glucose, sucrose, lactn^se, starch, 
cellulose, etc. The name originates from the f^ij^^that many 
sugars have the general formulA - rnCHgO)!^ l.e., rtarhon 
hydrate hence the name carhohydrates. Thus glucose and lactose 
can be written as and r®spectlvdly. 

They are produced in the nature from carhon dioxide 
^d water by the action of sun light in the presence pf 


chlorophyll < the green pigment of plants). 


M 


K ■■ 

6 COp + SHoO Plant - synthesis (nhlorQphyll)j; !^!H12 06+6€D2 

^ respiration' 


Classification 8 

Carbohydrates are grouped into two main classes: the 
sugars and the non-rsugars (polysacchorides). Further sugars 
are classified according to the number of basic units present 
in their structure. 

Carbohydrates 

Sugars ^ Fon-^gars (Polysaccharides) 

(Sweet, soluble, crystalline) (C6H2£)05)n 

(Tasteless, insoluble, 
amorphousj Starch, 

Cellulose ate. 



"T 


Monosaccha?id«i 


Dl sac ch-'* ride 


(.Glucose, Fructose, 


- ^ 

Trlsaccha rldo etc . 

’"as ^32 °16 


Galactose 


; 


sucrose, maltose Rnffinose. 
lactose* 


Monosac charides ; 

Cnrhoydrates containing 3 to 7 cerhon atoms are celled 

■’mple sugars or mono saccharides. Common monosaccharides contain 

five carhon atoms (a penfost) or six cerbon atoms (a bexose). 

Monoseccherides ere either polyhydroxy aldehydes (o.g. ,Glucose) 

or polyhydroxy ketones (e.g., fructoso). Sugars containing an 

.-■O' 

aldehyde group ( - tu- H) are collrctively called aldoses while 
sugars containing kctonlc ( C s 0 ) group are referred to as 
kotojsQs. Thus, glucose Is fafftwed to as an aldoheatose while 
fructose is an example of ketohexose. 
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Open chain struc ture of monosaccharides. 


They also exist In cyclic structures 



iai the monosaccharides are soluble In water, drecompose 
on heating and have a swoet tasto* Thoy show the reactions of 
both the carbonyo ( C = 0 ) and byc oxyl ( - oH) groups* 


Dlsaccharides> 

In disaccharides two simple sugars are joined.by a 
glyoosidic linkage by the elimination of water between the 
aldehyde group of one sugar and the hydroxy.,or ketonic group 
of the other ( the two monosaccharides need not be the same)* 
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pY Mcfet. 



They can be hydrolyzed by enzyme action or by boiling 
with dilute mineral acids to the constituent monosacotarldes* 
Lactose is found in the milk of all animals. Cow’s milk 
contain 4-55? and human milk 6-75? lactose.' 



h 

LIPIDS 


Lipids are an important class of chemical compotonds which 
occur in plant and animal tissues. They are classified together 
because of their common solubility in organic solvents like 
ether, petroletim ether' and chloroform, and their Insolubility 
in water. In the broad sense, lipids are defined as esters of 
of fatty acids and related compunds. Generally the lipids are 
classified as simple, Compound or derived. 

I 

1, SIMPLE LIPIDS *- 

The simple lipids are esters of fatty adds with various 

alcohols. 

a) FATS Awp OILS 


Fats and oils or neutral lipids are triglycerides, which 

on hydrolysis r<^easo 3 moles of long - chain fatty acids and 

1 molo of triglyceride. Their gcaieral structure is : 
o 
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PxV-C-OO >Tf 

coo (-(. 


trl^ycerido glycerol Fatty acids 

Triglycerides exist in the solid or liquid form depending 
on the nature of the constituent fatty acids. Triglycerides which 
are solid at 20° are known as fats and those which are liquid' 
at 20°C are known as oils. Oils contain a large proportion of 
unsaturat-id fatty acids such as oleic, linolelc, or llnolenic 
acid with low m.lting points whereas fats contain a high 
proportion of saturated fatty acids such as palmitic and stearic 
acids, of higher melting points. Therefore, depending upon the 
temperature, any fat can be an oil and vice v- rsa. The term oil 
introduces somo additional implications in that there are oils 
originating from petroleum, such .as. »iperaly fuel and l-Ubriea¬ 
tingp.s well ns essential oil ^j^fih ere ’^mpo'rbFO^t in 
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field of flavour and perfumery, illthough there Is some relation 
between the lipids and the petroleum oils, based on solubility 
characteristics and the presence of trace amounts of’hydrocar¬ 
bons in some lipids, the subjects are distinctly‘different 
fi^ds of study. The same is true of the lipids aind essential 
oil s. 

b) WAXES s They are esters of long chain fatty acids with 
long chain^monohydroxy alchols. For example beeswax. 


""is* ^3 - COOC3— Hei ' . 

l*t oompottmd lipids i 

Compound lipids are similar to the simple lipids with the 
exception that they contain other components in-addition to 
alcghol and acids. This group lnolud.es phospho lipids and glycol- 
ipids,. In these lipids two of the hydroxyl groups of the glycerol 
are joined,.to fatty acids in true fats, but the third group is 
joined with other chemical substances. They are important compon¬ 
ents of living cells. Bxcmpl e of compoTjnd lipids are. 

' I # 


a) PPD SPHOLIPIDS j 

On hydrolysis they yield fatty acids, glycerol, 
phosphoric acid, and" a nitrogen base. - - 

ROOC-CKV ^ - ■ 
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CIT3- 

CW 3 


^ Ch'3 J 


Ch 3 

Phosphoric acid , Quraternary 

ammonium' portion. 


b) CLYCOLIPIDS ; 

Glycollplds, also known as cerebrosides, contain 
nltitogen but no phosphorus, and on.hydrolysis they'yield fatty 
acids and usually galactose. 
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3 . DERIVED LIPIDS : 

The. derived lipids are substances that are obtained from 
simple and compound lipids and that have the general characteris¬ 
tics of lipids. In this category are the fatty acids, alcohols 
hydrocarbons and nltrogeiis bases* 

4. STEROIDS I- 

Sberiods are compounds possessing a phenanthrene structure. 
They are crystalline solids at ordinary temperatures. (Cholesterol, 
bile salts, vitamin D 2 and various hermones have the steroid 
nucleus. They are classified with lipids because of their solubil¬ 
ity in fat solvents. They differ in physiological properties. 

FJfflTY ACIDS 

Fatty acids are usually open-chain carboxylic acids. 
Naturally occurring fats usually contain even numbers of carbon | 
atoms in the fatty acids portion of their molecules. Many fats | 
contain fatty acids with as many CLs 18 carbon atoms in their \ 


molecules. Some of the principal fatty acids 

other common plant and animal substances are 

below:- 

TABLE ■ : FATTY ACIDS OCCURRING IN NATURAL 

found in food and 

listed in the table 

FAIp j 

Name 

Chemical formula 

Occurrence 

Butyric acid 

CHoCCH ) COAH. 

•^22 

__ 

Butterf at 

(^aproic acid 

CHg(CH^)^ COOH 

Butt erfat 

Caprylic acid 

CH3(CH2)6COOH 

But ter fat 

Caprlc acid 

CH3<CH2)8C00H 

Butterfat 



coconut oil. 

Laurie add 

CHg(CH2)io COOH 

Coconut oil 

Myrlstic acid 

^H3(CH2)]_2 COOH 

Butt erf at, 


V '■’-Ax. ju/- - ^ 

_ ’ Coeonut’'oril^ 







Palmitic acid 

CHgCCHg)^^ COOH 

Butt erf at, lp,rd 

Stearic aoid 

, CHgCCHg)^^ COOTT 

Butterfat jlard 
Cottonseed oil 

Arachidlc acid 

CHgCcnp^g COOH 

Peanut oil 

Oleic acid 

CHg(CH2)7rHsCH (CHg) COOH 

Lard,peanut oil, 

Linolenic acid 

Butterfat. 

-CH2‘ 

CH.,(CH„).CH a CH CH *CH(CH„)„COOH 

3 <i ^ d t . cojjn oil 

Cotton seed oil 
soybean oil 

iinolenic acid 

CHg CHg CHaCHCHgCH = CHCF2CH=CH(CH2)7C00H 



Linseed oil 

Arachidonic add 

CI^ ( CH2)^-CH=CHCH2CH=CH2CB=CHCHg 

CH=CH(CH2)3C00H 


From the tatle note three general oharacterstics of these 
fatty acids : 

1 * They have an even numher of carbon atoms* 

2« They have one COOH group. 

3. They may be saturr^tcd or unsaturated compounds*, 

The hydrocarbon portion of the unsaturated fatty acid 
molecule may have 1 to 4 carbon-to-carbon double bonds and this 
accounts for characteristic differences in the chemical behaviour 
of saturated and -unsaturated fats. Oleic acid has 1, linoleic 2, 
linolenic 3, and arachidonic 4. Polyunsaturated fatty acids 
containing more than one double bond cannot be synthesized in the 
body and they are kno-wn as essential fatty acids* and must be 
supplied in the diet* Linoleic and arachidonic acids are in this 
group, and both are essential fatty acids. 

Physica 1 Properties of Fats 

1, Pure fats are odorless and colorless. 

2 * They exist as solids or liquids. 

Must of the saturated fats are solid, uhereas most unsaturated 
fats are .liquid* 

-V- 





3« They arc soluT3le in chlorof'''Hnj e'thsrj carbon totracb- 
lorida and other organic solvonts, and they are insoluble In 

water, 

4, They arc lighter than water. 

5. When mixed with water and agitated, they form temporary 
omul si ins. 

rhemlcal Properties of Fats . 

The stxucture of the fat molecule determines its chemical 
properties, and since glyceride possessester linkages, they can be 
hydrolysed and saponified. Those with alkene linkages also form 
addition products. 

Hydrolysis s 

Fats, In the presence of appropriate enzymes, acids, bases, 
wi. bupor tjaai^ea si.eam iiyarulysos to fatty acids and glycerol. In 
rancid butter the odor and taste are due to the liberation of 
butyric acid from the butyric oster. This is known as hydrolytic 
rancidity. 


CHg 0 0C(rH2)2nH3 
CHOOC Cf''Hg) 2 CH 3 
CHgOO 0 ( 0132 ) 2^3 
Trihutyrin 



Saponification ; 


CHg OH 


CHOP 

I 

CHgOH 

glycerol 


CH^(CH2)2000H. 
Butyric acid. 


When fats are hydrolysed hy boiling in sodium or potassium 
hydroxide, the glycerol is libe>’ated, and the fatty acid portion 
is free to combine with the sodium or potassium ions to form are 
inorganic ester or soap. 


■Formation of Soap 


Sbdium oieate Glyeerol 



The Saponification number, (one way of identifying the siz£- 
of the fat molecule,) is the number of milligrams of potassium 
hydroxide required to saponify one gram of a fat, 

r ‘ 

Iodine number : 

The iodine number is the grams of iodine absorbed by 100 
grams of fat under specified conditions, This is the measure of 
unsaturated linkages present in a fat, 

Relchert-melssl (RMl Value t- 

This value is the number of millilitres of O.IIJ alkali 

solution required to neutralize the volatile, soluble fatty 

1 

acids distilled from 5 grams of fat under specified conditions. 
This is mainly due to butyric and caprolc acids. 

Polen^e Value 

This value is the number of millilitres of O.IN alkali 
solution required to neutralize the volatile and insoluble fatty 
acids distilled from 5 grams of fat under specified conditions. 
This is mainly due to capryllc and capric acids. 





Proteliis 


The word piotej^i Is derived from a Greek word ’proteles' 
moauihs "of first Importanco", They arc vital for maintenancG 
and growth of life, Basic olcmaits present in piotGlns^ca]:^)onj 
hydrogon, oxygen, nitrogen ^^nd generally sulfur. Some proteins 

f 

also have small amounts of phosphoj^s, or iron. For oxamplo 
casein, protoin of milk has phosphoms, haonioglohin, protein 
of hlood has iron. A little over ono sixth of tho avorago 
protoin is nitrogen. 

The "budlding units for all proteins are amino acids. 

Amino acids are organic acids that contain an amino (-NHg) 
group, as well as a caiho3?yl C-COQH) group, Tho remainder of 
the noloculo is often quite complex. More specifically, they 
aro -anjbio acids and have tho general formula s- 
' R * GH - COOH 

^2 , 

The group R can ho ladingcn or esny other greup, Vfticn 
tho *R' group is hydrogon, tho corresponding aatoo acid is 
glycine. All other amine acidsj oxcopt glycine, thus'contains 
an as^Lnetcric carhon atom, a carhon atom to which four 
different groups arc attached. Since compounds possessing 
an ^s^mmotoric carhon at^u rotate the plain polarized light 
and arc tlms optic:!]y active, all coino acids, except glycine 
aro optically active. At lca.st won'sy different amino acids 
have been rucegnised as caistilxioai.ts of naturally occuring 
^P 3 \^tolns. Some of those amino acids nast ho supplied from 



tho food sincG thoy cdn not bo synthosizod by tlio body, They 
aro thus called essential axilno acids and are lysine, trypto¬ 
phan, phenyl aiojiine, leucine, Isoloucino, threonine, ncthion- 
ine, vailno, Arginine and Histidine* Other representative 
anino acids found in proteins are glycine, Alanine, Aspartic 
acid, glutanic acid, Prolino, Tyrosine, Cysteine, Cystine, 
serine and hydroly proi^ino. 

Any organic conpound having a ctrboxyl (-C00H) group 
behaves as an acid, Sindlarly, any orgcoiic conpound having 
an anino C-HHg) group bohavos as a base. Since anino acids 
have both the Garbo 2 ?yl (-C00H) ag veil as anino C-KHg) group, 
they can behave both as an acid as veil as a base, They are 
thus called Z¥ittorlons, Anino acids react with Hitrous acid 
(flllOg) to liberate nitrogen gas. 

RrCH^COCH + HHO2-? R,CH,-COOH + Hg + HgO 

HHg ' OH 

They fom esters with alcohols. 


iUCH.COCH + CoHcOH 

I • 




R.CH.GO(X CgE^) 
IIH, 


.g 

A conpound l-Pluoro -2,4 - dlnitro benzene (OTB) toiowi ag 
Sanger^ s reagent ferns yellow coloured conpound with anino 


acids i- 


II Or 


COOH 


ITO2 


a- GH - COCH + F 

I, 

“2 


^ + HF 



ialuo o-cicls ivcict \dth ninhycTriii to foia a tluo colcurocl 
conpound. 

PoT^tldo llnkarro 

Twu acids ccia to joi^od, tcgottior "by s- pcpticlo 

which is fornoci whm a-nijio group of aic aniuc acid 
reacts v/ibh tho carboxyl group of ^niotlior anino acid. 

R-CH - CO ai + II ni - CH - 

f 

ITIig COOH 

R'-CR - CO - ITH - GH - COCII 

ITH R If 

A lUpcptido 

When tviD anlno adds aro joined together by a peptide linMgo, 

the coapound foraod is called a dipoptido, Sitiliany wnen 

another anino acid is jo toed by a poptido linkage to a dipoptido, 

a tripoptldo is fomed. Ihis process of addtion of amino acids 

con go on till a long chain of amine acids joined by peptide 

R*- cii - CO - ni - ci: « CO - irii - cii - r"> 
111 

R" COCSI 

linkage is fomod. This is called a peiypcptido, 

IR-'^' IRt 

Ilgtl « CH -CO - nil - (hi - CO - ITII - CH'- CO -lIH-Ch-GO-lTH 
. R:', 

A poly peptide j^J-CII COOH 


Piotoiils nay exist as a sinplo polypeptide or nay 

f 

fom a conplox structure. 



yrinnrv stmcturo nf urotoiiis 

Tho polypop tide chndn in protoins is roforrod to as 
tho prtnCLiy stmcturo of protoins, 

Socondo.rv stmcturo of 'Drr-itoins 

Polypoptido chain of the proti^in exist as rondon colls 
OP udopt a helical or ^100 1 stmcturo* Ihoso apranconcsits 
of polypeptide chain in protolns arc reforrod tc as tho 
secondary structure of proteins* Tho sccondaiy stmcturo of 
protolns is stahalizod hy tho fprnation of weak bonds called 
hydrogen bond botwoon the c arbcnyl (-C 0 -) and anido 
groups betwoon clifforont anino acids of the polypoptido chain. 
Toj:^.ry.. stmcturo of nroto ifis 

Sonc protolns like globular proteins have ouch enro 
cociplox stmcturo than tho secondary stmcturo. Tho stmcturo 
nay bo stabuiizod by covalent bonds, ionic bohds, salt llnkagos 
otc. Such a stmcturo is referred to ag tho tortiary stmcturo 
of Proteins, 

jauatomarv stmcturQ _._cf proteins 

When noro than ono Protein units fora u conpiox stmcturo 
it is colled tho (Jiatomary structure of a protein. Native 
honoglobln, the protein presoat in blood, for example, has 
four Polypeptide chains as two pairs of oi.- 3d p. Chains 
Joined togotlior to form cno conploto cdIocuIg, 

CJ.assification of n^potolyis 
!• £inr^j)rpjipto,5 

The protoins which aro macio up only of amino ucids arc 
cdl od simpl 0. pro toin s. •,.. .3 /- 


2 1 ConjiUfTatocl Protein s 


Sonc protoans occur united mtli otlior non-piotoins uiolo- 

<• ' 

culos like cartchydrutos, nudeio acids etc, in nainro. SueJa 
proteins are colled con;jucabod proteins, 

ProPortioj? of Pmtoins 

Cl) Cnlloldal Chara cter Hao principal physical charact- 
orstic of oil solutlc pixjtolns is that they forn colloidoj 
solution. 

(ii) Idacrpticn of Wa ter s- Proteins have the capacity to 
adsert larso quantities of water. 

(iii) BH oGtrical Charf;o i- Most proteins carry a positive 
cliai^o in acid solution and a negative charso ia neutral 
or alkaline solution. 

II. ChonloaL P jfiPonties 

(i) Anuhotoric nivii:ortv i- Proteins can act hoth as an 
acid as well as a taso, 

(ii) H ydrolysis ^/lion protolns are toiled in presence 
of acid or aLkalios, they are hydrolysed’and give rise to 
anlno acids, 

(ill) Doiiaturatknt- Vflion Soluble proteins are heated, a 

change takes place in the nature of the protein which mkos 
the protein less soluble tlicfti the original protein. Hio 
protein usually coagulates, Ibc biological activity of the 
protein is dosbroyod. This is called donaturation of 
proteins. Denatured proteins got hydrolysed no re readily. 



Whou ogg is ‘bollccT, its protoins aro coogulatocl 'because of 
its Protoins getting daiaturod. Tilhon a piotoin is donaturod, 
its stracturo chongos frora a regular structure to roudon 
structure due to rupture of hydrogai "bonds. Proteins can bo 
denatured also by salts of heavy notals like iig'*’, OBu'*', 

etc, strong Inorganic acids or bases, ' alkhloidai reagents 

and cig^anic acids and ethyl aioiliol, 

/ 

(iv) Salting Out 

When various salts in solid forn o,g, Cin-I^)^S 04 j Na 2 S 04 j 
MgSO^ or Nad aro added to a protein in solution, certain 
protoins.aro precipitated unaltered in conposition. This 
process is kno-wn as salting out of proteins* 

Cv) Gelour reactions 

C 0-) ZonthonrotoiG t ost 

When a protein is dissolved in concentrated HNO 3 and 
hoatod, the solution will tEtm yellow choXiging to 
(prtnge upon addition of NaCH, A positive xanthoproteic 

I 

test depends upon the prescence of tyrosine and 
phenylalanine in the protein, 

(b) Millons tost 

Whesh a mixture of morcuric and morourous nitrates is 
added to a protein and tiioy are heated, a red precl- 
pita to is formed depend ont upon the presconce of 
of tyrosine in the protein. 



When a fov drdps of llaCE or KQH qjio added to a protoin 
solution followed ty a foir drops of dilute CuSO^, 
solution n violet colour develops, Uds tost is given 
hy practically all proteins, 

(d)' Hool;ins. - ColAloit 

' Ejual (jiantitios of the solution of protein and 
glyoxylic acid (| ) are lilxQd in a test 'tuho, 

A layer of conoentratod H2SO4 is carefully placed 
under fto nixturo, A violet ring at the juncture of 
two liquids develops, Ihis tost is dtundmt upon iiic 
presence of tiyptephnn in tho protein, 



•H' 

Bizym ea 


Chemical oheoages taldJag place witbin-^ the body invariably 
require the pressioe of catalysts to ^eed up the rates of reactlona- 
at body tenpsrature £snd pH of the body flxiids. Iheso catalysts 
producecl by living cells in plants and animals are caHed dizymes. 
Homaiclaturs • 

Ihe substance upen -which an enzyme works is caUcd its aibstarato. 
The sizymes are usually named, after their substrate with the najae 
ending in ’fe.se”. I*or exanplo an dazyne that acts caa "lipidsl’ Some of 
the dazynes are’ de&gnatod according to the typo of reacticn they 
catalyse. Yet others have retained the names originally givai to 
them before the presQit system of nomenclature was adopted, 

Qhemicg^ n.ature 

i.11 dazymes are piotoin in nature,Excessive .heat,, alcohol, salts 
of heavy metals end ccaicdh'tratod inorganic adds inactivate the mzymes, 

aa,eQ^f^.<sLt,y, 

Some enzymes will act only on one ^ocific compound e,g, Uroase 
•will act csnly to hydrolyse urea and no other coepound. Some dazyme 
win act coaly on esne stereo isomeric form of a compound e.g. Lactic 
dehydrogdaaso idll act on L-lactxc acid but vill not act on D-lactic ac: 
A large group of dazymos howovor show less spocifidty and wiH act 
on a functional group, others an one type of linkage, 

.Biz.vme activity 

The activity of en enzyme is affected by rndiy factofs. There 
are thus certain conditions under which thsy-.work best,' Ihoso 
ccnditlonB are called the ontimum oenditiona. The optimum toeperature 
for dazymes functioning in' the animals is gdaeraHy near that of body 
toEporaturQ. Some vegetable enzymes have quite a differaat optimum 
tecperaturc, The'enzyme urease from jack -boan e.g, has sn optimum 
tecporature of about 1D°G, &me aazymos act best in netiAspl medium, 
some be^ in an alialino, -wAxile others prejfor an add rieditto* 


>»' I 



M nfln of action of aizvaos 

Bazyno tsticL its substrcito conbinc to foio o. con^lox wbicb thsti. 
brsoJcs lip to yield the reaction products and ttie onzyno, 

Bnzyne + Substrate —^ Bazyne — Substrate coDplex 
Bazyne-substrate conplex—^ Reaction products + Bazyne. 

Ibe sizyDe is free for furtb-er acticin, Tbus a snail anount 
of aazyne can activate large nunber of noloculos at a very rapid 
rate. Ror oxanploj it has boon calculated that opproxinatoly 
3,0C,000 nolecules of can bo brokcaa do^ every ninute by a 

noleculo of the oazyne, catalase. 

Activation of Bizvnea 


Procnzvnofl or Zvnogais 

Sone chzynos are secreted in an inactive forn called nradnzvDe 
or zvaogen which requires, specific conditions before the active , 
enzyno is produced. Pepsinogcaa secreted in the stonach for oxorple , 

I 

is inactive. H(31 converts a snali quantity of p^sinogtaa-to actiye 

» 

mzyno, pepsin which converts the renainder of pop sirragen- to pt^sin. 
In order for, aone other oizynes to function thero oust be 
present in the nolecule ^ecific non-protein groups. If those 
groups are organic, they are colled Oocnzvnos . If they are inorgeni 
they are coHed Activa^tora . Ihe enzynos with its coaizyne is cafeec 
holoaizvno and without it is caHod ApocnzvPe Ibus 
Go en zyne + Ap o cn zyn o—^ Holo cn zy mo, 

Inhibition of Bizymoa 

The conpjunds which liavo the ability to block the nornal 
functioning of an enzyme arc coHod Inhibitors . A specific inbibite 
acts by combining with the enzyme or its activator thus preventing 
the enzyme from acting, A ncn-soocific inhibitor acts by denaturit 
the enzyme.- A ^ecific inhibitor is called a Qomnntitlve inblbiter . 

_ I 

4 .f inbibition can be decreased by increasing the cencentration of j 
ttio substrate. If the inhibition con not be decreased by increaslh 
tho concentration of the substrate, it is oollod nen-coPnGtitive 



ninRHlflcfifeiciri of the Bizynog 

Tho dizyucs coni "bo classifiod into 

1, HyriTOlaaGa - Thoy ^lit cotbpounds vdth tlie tiolp of caid OlT 

groups of water. 

2 , Deoarbo■wlaaos - 3Ib.ey release CDg fron compounds. 

3 , T}-ppttiHfnT»aflQPi i- Ihoy trctxsfer functional group fro a on o coDpoun 

to on 0 then. . 

4, I floanragea - Tbey or oat c isomers by rearrdngeinoat of atoms 

within the ^bstrato, . . 

5 , O^adapiQg - They tretnsfer hydrogdi atoms, 

6 , A.ri^ing (^zymes - They involve addition or removal of, water* 

Ammonia CDg or more complex molecules* 



Vltajniiis caae esaeaatial dietary faotorB wb-ose abseac© lit the 

^ y''' ■ 

diet roaultg in a deficiaaoy di-sease* Ihoy are reqiii^rod in niinutG ^ 

* * - 
amoimts, hat the body CEd not aynthosizo them ovcd in thesQ minute 

amoTmta, ' ‘ 

Titafidns are clasaified into two catogorioa ; , 

Pat aaluhlo vitamina o, s« vitamin A, I>» B and K, 

Water aalublG vitaiiina e.g. Vitanina B Couplox and Vitamin 0 
Pat Salable Vitnaina 
Vitamin A 

Vitamin A muat bo supplied by the diet. If sufficient Vitamin A 
ia not present in the diet, one suffers from night blindji£ag which 
means inability to see in dim light. It is also necoasary for normal 
growth. In its abscnco nombranos bocomo dry. 

Vitamin A is soluble in fat and fat solvents but ia insoluble 
in water. It is unstable in oir, li^ot and in the presence of rancid 
fat. It is not destroyed when food is subjected to modorato heat. 
Vitamin A is stored mainly in liver. 

Vitamin D 

This vitamin is found in fish oils, eggs and yeast. It is 
produced when skin of the body is 0 :^ 55 osod to sunlight, Doficitney 
of Vitamin 33 in infants and young cliildren results in a disease coHed 
rickets in which banes arc deformed. In adults colduu salts are 
lost from the banes. 

Vitamin E 

This vitamin is believed to be nocosaary for normal reproduction,' 
Its absocncG nay cause habitual aborticn and sterility. 

Vitamin K 

The deficiency of this vitamin results in an increase in the 
clotting time of blood. It is nonially present in sufficient quaniti- ! 
ties in tho average diet end also available as a synthetic preparaticn-i': 
nenadlcne, which is used clinically to prevent end control hemorrhage 
in new bonxo child and may bo given to mother prior to infant’s birth.g 
Vit K is fat soluble, stable to heat. It is howovor unstable to ligh-* 
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Water sJj -ubl^ 


Water soluble •vltapins tncluae Vltjsain B conplex dUd VitanLn 0, 
Yitariin B coc^ilex further irxclw..v^«jS Vitacjin B, (Thiaolrle), Bg 
(Elbofloavin) Bg (Pyri,^03dne) B^p (Oyanoc-^oalaliLn)^’Ificotinic add 
(Niadn), Peffitothgalc add, Polio acid, and BLotin* 

Vitaain B^ (TbianineV 

DefioiQicy of vitonLn B^ causos a dLsease called beriberi in 
which nervous systen is affected. Lack of appetite, loss of wdght, 
nuscular weaJjnoss, canstipation and fatigue result if the supply of - 
this vitanin through diet is low, This vitanin is not stored in the 
body to any extoit, Vitaiain B^ 'is white crystalline and water solubl^ 
It is relatively stable in the dry fom, YitaPin B^ is destroyed in' 
cooking since it is inactivated on heating under neutral or alkaline' 
canditicns* Groiaa vegetables should be cooked with as little water as 
possible. Addition of NagCDg to preserve the green colour of vego- 
tables further reduces their vitaciin B^ contort, 

YitaPin Bg T ^bgjgl.ay^,), 

Deflcioioy of Vitanin Bg in the diet results in oharacterstic 
lesiGins on the tongue ^Ibs and conror of the nouth and ocular 
disturbances with burning, itching and a sorsation of roughness in the 
eyes, it is foiard in egg yolk, rice polishings, nilk and Vjsgetahles, 

It occurs as a fine, orange yellow needle like crystals or powder, 
slightly soluble in water, forning a yellow green fluoroscort soluticn. 
It is destroyed by light and alkalies, cooking, roas-lang and frying, 
YitsPtn Bg (pyrldoaUne^ 


Prolonged deficiency of this vitanin causes nervous disturbances 
and ccnvulaicnsi It occurs in cereals, egg yolk and neaii. It "is 
stable to acids, alkalies end hoati^ 

Yltpnlvt LOyano cob alani n) ^ 

Defioioicy of vitanin B^^g causos ’'eHfiaonia', Vitanin is a 
conplex^ 3?®d, crysteiii^.o substsarco cantoning cobalt andjg 
Liver ercfcraot is a rich ol thi* 





TJ< nic 

Defi(^^fficy of this vltcnin cqusob a cUsoaso oallod pellagra, - 
wbickilB dluracteiizGd by sore, fiory torii^o, abdoninal pain and 
laiorrh-oa, end ne&tal disordci?0. li oocurrs as wbito, odorless hqg^ , 
loss or powder# if is rosistait to boat, lifslit, oxLdation, acid ana ' 
aUceilios end is one of. the nost stable of tlio vitaPing, 
prp-hntliPniQ aol.d 

It has beSG suggested that this vitamin may he an antigray- 
hair factor in man. It is stable to heat in neutral solutions,. 
poliQ Add ■ 

Deficienoy of this vitamin esusos some type of enaemia. It is 
a yellow conpound slightly soluble in water and is stable to heat 
except in an aoid medium. 

Biotin 

jjGficidncy of biotin oausos loss of hair, dermatitis an'dToss’ 
of musolo control. It is present in liver, Iddnoy, milk, molasses 
end egg yolk, 

litamin .0 (As^’corblc addl 

Deficiency of ttiis vitamin loads i-> scurvy, a disoaso charaoteri 
led by sore spengy gurng, looscyiing of tooth and painful joints. 

Ihis vitamin is present in frosh vugotablus and fruits e,g, frosh 
oitms fruits, raw tomatoes eto, Yitamin C o>ccurs as a colourless 
crystalline substance slightly add in tasto. It is water soluble, 
saisitive to alkalies and easily oxidisod. It ig regarded as least 
stable of the vitamins. Cooking the vogotablos for a Icaig time and 
cutting it into small pioces destroys the vitamin. 



HDMONES 


Hunan body bas oortain duotloas ^ands also opllod the sado-. 
crine ^ands wbicb secrotc ninute anomts of coc^jlex cbonical 
subatancGS called barnonog, Tboso bornancs aro socrG’tiGd directly 
into the blood strean ^d regulate body processes and aro re^angiblc 
for sox cbaraotorsticB, 

HorDcaiGg of tbe pituitary gland 

Ibo pituitary, a snail ^aad weighing loss than 0,75 gns, lies 
at tbe base of tbe brain, it is divided into tbroo distinct bornane 
producing areas viz tbe anterior, Inter-neaiate and posterior lobes.. 
Hornanefl of the AntGrior lobe 

. —-JbBporbsitrt bormcaie^-'SBcre'b^ ■ by—bbe-Jtnterior lobe are : 

I. Son ado tropin a 

Ibey have stimulating effect cn genades or sex organs, 

Ibey are s 

(i) Ib^ stimulating bormcne 

"I 

It stimulates tbe growth and maturation of follicles of the j 
ovary in female and influences tbo maturation of apormatozoa in 
male. 

li) Luteinizing bormone (LH*) 

It stimulates foDflaaticn of ooips luteun and its bormone progest-. 
crone. In males it stimulates interstitial oeUs of testes to 
increase their production of t ostosterene. 

I 

iii) ■ Prolactin 

It inti at 03 and maintains lactation 

•* 

XI t Grrowtb bormano 

in excess of tbis bormone in childhood and adolescence causes 
gigantism, a deficiency of the hormone in childhood results 
in dwarfism, 

XII. Ihvro tropic ho man q ( 

Ibis hormone is necessary for normal thyroid davolopm@it and 
activity. 






I 



Hormotifipf of the Penacreaa 

This glsKicl produces two laormones. Th-ey are 

(i) Ingg-ljjL- 

Ibis b-ormcaieB cautrols the ccaacsitratiati. of cose in blood* 

In its abssice ^ucose is secreted in urine and the individual suffers 
from the disease called diabetes mellitus, this can be cured with 
insulin, 

(ii) glucagon 

This hormone increases the level of glucose^ln blood, 

Hoimanes o f the Adrenal elands 

The adroaal gland is situated on the upper-pole of each Id da ey. 
The inner porticsn of the gland is called medul a and the outer portion 
cort ex, 

■Bormonea of the medula 

A 

It secretes two hoOTones called epinephrine and norepinephrine, 
Bpin^hrlne is on emergency hormone since it respands in'time of 
increased aiergy requirement and of emotional streas or tgasion such 
as anger or fear and also cold. Its secretion results in increase in 
blood sugar, blood pressure, and blood drculatian as well as 
; relaxation of smooth muscle, liforephinephrino differs from epin^hzAno 

s that it does not increase blood' sugar or relax smooth muscle, 

i ' " 

I Hcrmonea of the oorte:;!; 

i Hormones of the cortex are concomed with metabolism of carbo- 
hydrates, regulation of sodium and potassium balance in the boct7 
and sex character sties. 

If these hormones are defidant or absent, insulin funoticn is 
disturbed. Excretion of sodium increases and potassium contait of the 
blood is greatly increased, ELood volume is also affected, Whan^ 
these hormones are secreted in higher concaatratian, body retaine » 
hi^r amomts of sodium and oxcro^s large amount of potassium. 

In woman, it canses-flarlEGd masoulino charaoterstLcs, 


HortaotieB of the corte;x in.crQas''G body's rcsisbancG to intsase 

(f f' i ' 

beat or cold) infectioas oad stress coaditions* 'Sotra br'theQ are 
effective in reducing inflannatioa in arthritis and other coaditiaas 
such as allergies, Soao skin coaditiaas ^d eye infecti'Hs nre ' 
controlled by their Use* 

Sei^ honaciae a ^ 

They are coaceisied with developQcnt of sex orgens and of the 
secondary sox charactersticsi Ihey are produced in the fonalo by 
ovaries and are ‘secreted in the laales: by testes* 

HoflQonea of the ovarsf 

The three hortnenes called estrone, estrlol and estradiol are 
conceuied with changes necessary to Maintain menstrual cycle* Ihe 
hormones called progesterone prepares uterus for in^lsttitation of ovum, ’ 
if it gets fertilized. It is also respcnsible for the raaintance of 
pregnancy and development of mammary ^ands* Rolasdn, a hormone 
produced by ovaries, uterus and placenta rclasiOs pelvic ligaments 
during childbirth, 

Hoimanes c:^ the teFites 

Testes produce a hormone called testosterone that is concerned 
I with the development of male sex organs and secondary sex oharaoterstics* 
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Fermmfeatlpp 


Feimentaticn, drived from ‘formesataire’ ■which noans ’to boil’ 
refers to the chemical changes brought about ■Khrough the agency 
of micro-oiganisms - organisms vAiich can not be soon.-with the 
naked cryo, but can be scovi through a microscopo* During formon- 
tation, micro-organisms grow by deriving "their nutrients from 
the median in ■which "they grow and In "tum produce chemicaL 
compounds called as "fc men tat ion products", Fomen'tation 
products like ethyl alcohol, lactic acid, ncthonc gas, caatlbL- 
otics otc, qrehamful like toxic substances called toxins. 
Factors affecting feman-batlon 

Several factors affect forqontation 
C1) Wa"turc of "the nediun 

i * 

Fomentation depends upon "the-chonicol na"turo of tho 
medlun which is fomenting, Tho nedl^um nay thu^ ho rich In car¬ 
bohydrates, proteins, fats otp. and nature of tho nicro-organl^ 
cs bringing about the foruoiatation olso depends to a voiy laigo 
extent on "bhe choiicel na'lnrc of the nediun. Physical nature- 
of "the nediun also affects fftrnontation e,g, "whpthcr tho nediun 
is son5)lid or llcjild. 

( 2) pH of the nediun 

Fernontatlon is also effected by the pH of -me nediun 
i,e, whether the nediun is acidic, ticdbtral or alkaline* ilie 
- nicroi-orgonism bringing about "ttie fomontation grow best and 
produce fomoatatlon products at a certain pH ("the neasuro of 
acidi-by or aikdinlty, pH below 7,0 noaning acidl"ty end between 
7 to 14 ■ . :. ing cakallni-ty) colled the optlnun pH, pH of tho 
nediun above or below optiaum decreases tho rate of fornen- 
taticn, 

C 3) Tenpe;raturo , ' 

Like pH, femGntatlqn has also an optlnun tonperature cf 
tjho tonpora'turo at which "the fermentation proco^eds at its 
naxlnun rate, Jbove and below 'iJiis tonpora'tsure^ ra'to of 
yip?iaentatlon doofoasos,* 

^ \ C. Afl , . 
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C 4 ) 

Itie oa'icentrc ulon of oajygOH. 34.1 bho modlum also affeot^. j 
the rate of formontation* 

^ L 

H^ g , t , u , r 0 . of , ..fttcmpn tp- t toi'i 

Micro-organlans arc -widely distributed id da-fauro bolng 
present in air, ivator, soil, plants, nniiaols obc.and bping 
about fermontatiaa of any natural substrate they como 
across. Sesno of -bheso f oiciaititions have been nado uso^of 
sincQ anciaib tinos, 

■When milk Is con-vortod into dciJii, the nicro-organisas 

* T 

kno\m as lactic acid bacterial convert the "sugar present In 
nilk callod lactose in'bo lactic acid which is responsible for 
the sour taste of Dahl. 


C II 

lactose 


-> k CW3 CHOh CLOO)i 

lactic acid 


Pro . ductjLjn of Oit^gna ;i, 

Molasses, a irk brown, viscous liejuid, a bye product 
of sugar industry cjntalns lot of sugar l.o. sucrose and is 
used as a raw natorial to convert sucrose into ethyl alcohol 
by fomonting it with a nicro-organlsni called yeast. Dur-^ng 
f o m esn tat let!, the sucrose in nol assess is first converted 
into glucose and fructose by the enzyme in.vGr"taso present In 
the Yeast. __ -t- , ^ /v /)/- 

C,^ Hx.O„ + H^O Cg H, X 

Glucose produced is further converted into a otbyl alcohol 
with the ovajiution of (1.0^ -by "blic onzyuo ZynasS. ^ 

the Yoast. 

Silage making : Preservation of forages is carided ou"b by 
verting -Khem into silage, by fcrmcntati'On. The process 
Ives bredkdo-vn of' carbohydro-tos proteins etc, of ferag^^s 

oif - o35yg on,. 
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FOOD COLOURS JtTD IgES 


CcQ-ours and dyes are mostly used for dyeing the fabrics 
^ but some of these are so used for colpuring the foods. 

Apart from the natural food colours obtained frem tho 
plant , and animd sourcor, nany of tbo synthetic organic dyes 
( coal tar dyes) ■which belong to tho checicaL group of diazo . 
conpounds aro widely used as food colours. Tho use of those 
synthetic dyes as colouring ma'ctor is very comiaon in drug 
Industry, Exanpio of those syn■idiotic dyes dncludo the foll¬ 
owing: Poncoau 4E, Caraoisino, Amaranth, Erythrosino BS, rod 
6 B, fast rod B, Rod FB, Tcr^ta-razino, Sunset yollavj FGF, 

Indigo carnino, Blade PII ofcc, 

-Although theso well tostod dyos have been shown 'to bo 
harmless but there is a tendency by tho food technologists ‘bo 
res tried; tholr use and to employ rather na^fcu rally occurlng 
pigments such as carotcaio, annatoo etc.in bhoir place. 

Food colour exerts a remarkablo influence on poopJ.G*s 
a-ttl^budo towards liking end disliking of tho food, irrespoefc- 
ivo of tho nutritive value and freshness of tho food, Tho 
addition of colouring matter to foods has sovord db^jectlvos, 

r 

some desirable, others ■undoslrablo. Those are as follows : 

C i) to IncrcasG the attractivonoss of tho food 
C ii) to achiovG tho unif oipi'^y of tho product 
C ill) to conceal dcmiogo or inferiority 

Tho addition of -c-louring matter to foods is cjntro- 

o 

llod by ■She prevention of food Adultorabon (PFA) rulosj 1956 
C as anondod)' which gives a list of compounds which may bo 
used. Those most comnaily used •re tho peraltbd water 
soluble coca-tar colours. It should bo boriie in mind, 
hoitfovor. that it is not peimlssiSSLo ■to add colour to many 
foods, such as some dairy pj^oduc'b, toa and coffee, and 
unprocessed flesh foods, fruits, and vegetables# 

Whpt cool bar (ly.o_^ ' ■ 


EQLGSi. 

Choaicnl subscrjnctr. ( col euro cl conp-un.ds) which cem bo 
oaployod in such a manner toat thry will atirach themselves to 
fabrics or surfaces In order fco give a colour are classified 
as dyes, *'d.l coloured compounds are not dyos. 

For a substanco to act as a c^o, certain conditions must 
bo fulfU.lcd : 

(3) It must have a suitable colour 
C 11) It must be able to 'fix' Itself or be capable of 
being ’fixed’ to -tho fabric* 

C 111) Ihc fixed clyo must have fastness Propertioss C a) 

fastness to lights (b) rosistanco to tho actiai. of 
water, dilute colds and olhclios, various organic 
solvents used In dry cleaning etc. 

Many nature! dyos have bc'Cn Isncwn for a long t'ino, Bioso 
wore Ob ainod fren aninal and vogotablo sourcos* Today, 
however, practically all dyos arc s'®!! the tie and arc prepared 
from aromatic caapounds, the oily source of which was 
originally coai-tarj and honco tho nano coal-tar c3ycs» , 

Homonclaturc of d ves * 

$ 

Tlaore is no systematic nomenclature of dyes. Many have 

names that have beai given to then by the manufacturers, and 

so It is not unusual to find a given dy© having soverol names, 

Gencra'i-ly-i each dye has a trade nano Cor names), and the shade 

is indlcato«Lby a letter, c.g., y or Gr = yellow Cghlb); Q = 

orangcj R= red; B= blue, Somotinos tho latter is repeated, Mae 

number of lotbors indicating roughly the intonslty of tho 

colour, o,g, moohyl violet* 6 B is a very deep purple (close 

to blue). Some tines the lotnors havo other meanings, o.g* 

alizarin bluo D; horc the D moons that thi® dyo is a cairoct 

cotton colour; fuchsino. tine « indicating that Ihe dye is 

a.n acid ( saucr) coicur* 
cate -ynat tho dyo is fa 


at© letter F.ie, 



uf©^^ 'fea, !Lnd% 







( 2) Cl/assif Ic-itia n a cco ydl ug to app lication. 

This claaslflcation of iyes Includes the following 
main : 

( 1) Directo dves 

A direct dye is a a dye that is applied directly to 
cloth from a hot aqueous solution, Martius yellow is a 
typical direct dye, 

OH 



Martlus yellow 


C il) .J&k-BxieS 

These '^yos are insoluble in wu-cer but on reduction with 
sodium hydrosulphide in a vat form a soluble compound which 
has a great affinity for cotton and other cellulose fibres. 
Indigo is a tyPicaL vat dye, 

( iii) J3zg-s;. 

These dyes have no natural affinity for the fabric and 
are applied to it with the help of salts e.g. oxides of AL, 
Cu, Co, or Gr, These salts are called mordants. A fibre 
such as cotton is first treated with a mordant and then 
with a dye solution. The mordant forms on insoluble coor¬ 
dination complex botweon tho fibre and *bfi! fyoj s. and'binds 
the two. Alizarin is a typical mordant dye, 

C Iv) Disperse, Jfe^e^ ' 

These dyes are inso^.uble in water but can be dispersed 
■ in a -colloidal form in water. The fabric is Immersed in the 
colloidal dispersion as 'cho dye, fhe fine dye particles are 
absorbed into the ciystal structure of the fabric. 
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Disperse dyes are used for modem synthefcic fabrics such as 
nyloji) Orion, polyesters, and cellulose acetate, 
go-] curing matters used In d airy industr y. 

Butter and cheese are permitted to contain the annato: 
colour* Similarly Ice-cream is also allovred to contain some 
of the permitted food colours. Carotene is naturally present 
in cow milk which imparts yellow colour. 


-Annato^ the colouring matter used_for butr-er and cheese 
exjubuius a rpd-yGllow pigment bixin, whftch is extracted from 
tho seeds of the shrub Bixa or oi l one . Bixin is a carotenoid 


having the formula s 

P«i> 

|frO<5C(CH “CH -C = chJ 2. 


tfjC 


CH 




It is an acid* Ihe potassium salt of this acid fonas 
the basis of choose annatijo, which is essentially £ai alkallno 
solution of this salt. In ohoosothls coloured salt is bound 
by tho Protein* 5br colouring buttor, the pigment bixin is 
dissolved in .oilj from which ir; passes into butter fat* The 
pink constituent of chocso becomes more apparent as acidity 
increases between 6*0 and 4*8, This compound is unsaturated 
and may bo .the emtro of oxidation and reduction changes. 

"The bloachod or pink discolouratiai is somotimos caused by 
oxidation of onnatto as bleaching has bren usually observed 
in tho cracks of cho .-so, tho milk fat choose was re¬ 

placed by oxidised butcor fat of tollo'VJy taint, choeso made 
from it showed extonslvo bleaching of annatto, Suiphydryl 
compounds act as catalysts in these chaigos* 

Bie colour of mnatto solutions fades lindor the infl¬ 
uence of light or in the ..rc^scncc of copper and as such should 
bo storod in glass vessels instead .f metallic containers. 
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CaEot,^e ? * • ' 

Carotene is a fat soluble yellow colour. ihe 
yellow colour of cow milk is due to carotene. The reddish- 

yellow colcur of cartpot is also due to this pigmsit. Pure 

1 

carotene has a red brovjn colour but in very dilute fiats 
^solutions it imparts a rich yellow colour* It is not soluble 
in water and therefore it colours oily bbe fat phase of the 
milk# The rich yellow colour of cow cream and butter is due 
to higher fat content containing this pigment, 

Carotene is a member of important class of compounds 
Imown as carotenoids which include xanthophyll (another 
yellow pigment of green leaves). Carotene is a precursor of 
vitamin A and acts as an antioxidant. Carotene is present 
in three forms i.©• alpha, beta and gamma. Structure of 
p carotene (predominantly present in itLlk) is shown below *. 





One molecule of p-carotene give rise to two molecules of 
Vitamin A, Buffalo is a efficient ccnvertor of p cartene 
into Vitamin A in its intestine, where as cow cannot convert 
it* Therefore the colour of buffalo milk is white as it 
has only vitamin A and no-carotene in it. 



Pregeryn i tlves. Adu l'bscs 




Preservatives may "be defined as chemical substances 
•which when added to food will check the growth of micro¬ 
organisms and thus prevent the spoilage of the food. They 
are added to increase fclio shelf life of the food, 
safegaurd the physical properties, chemical composition and 
original nutritive value of foo4 against the bacterial at back 
as they are capable of inhibiting or arresting the process of 
fermentation or docomposition of food by microbial activity. 
MQde of acti on o_f ^EjSjacmLlli^sx 

The mochanism hy wliich chomical presorvabivos act has 
not been entirely olucidatod, but it is possible that food 
which -1 s not heavily contaminated with bacteria: my bo 
preserved by chemicals hacauso these chemicals prhl.ong the 
time Clog phase) of bacberial growth. Interference with 
chain reactions may be another explanation of tho action 
of choaical prc^sorvatlves, ' 

H©wevor, tboy are known to possess antiseptic, 
antifermentative, bacteriocidal, gemicldal actian. Some 
of them act as antioxidants- neutralizora, s'*;abilizers &: 
emulsifiers also. 

G;Lasslf icaticn of nreserva-bives 

Chemical preservatives may he dagsiXled in a number 
of ways, 5br Instance, they may be grouped into the follo- 
ing St 


Ci) 

C2) 

( 3 ) 

<-x\ 


Inorganic preservatives 
Organic preservatives 


Sweeteners - 


3;n .thi'ff , the 




principal 






* M 


agents used are as follows : 

( 1) Nitrates and Nitrites 

C 11) Sulphites and sulphurous acid 

Cill) Boric acid & ^orates 

(iv) lodates • • 

(v) Free chlorine 

C vi) Hypochlorites e,g* NaOCfl 

C vli) Peroxides e.g. Hydrogen peroxide. 

(2) 3P.3;:gJjj:vg;^iaes 

33ae principal agents in this group of preservatives 
^are given heiow : 

C i) Benzoic acid & its salts 
(11) For moldehyde e.g. FormsO-ln which is a 40^ solution 
of formaldehyde 

(ill) Salicylic'.a old & its salts 

( Iv) Formic Acid 

(v) Esters of pi-Hydroxyheazoic Acid 

( vl) propionic acid and its sodium and calcium salts 
C vli ) Thiourea etc. 


( 3) Sw§£^e^^ 

The principal sweetening agents are : 

C 1) Saccharin 
(11) Dulcln. 

Many of the other substances like sugar, salt, vln^ar, 
organic fruit acids, wood smoke, alcohol etc, are also 
used as preservatives but they are not ordinarily categori¬ 
sed as preservatives, 

Chemical Preservatives may also be classified acco¬ 
rding to their use or action - namely, as antiseptics, ger¬ 
micides, fungistats, mycostatSj antlox3.dants, neutralizers, 
stabilizers, emulslfX^s, and Coating agents etc. 



ges t rlciaqci.s, on AliQ„Uso^ 

The addi'cion of preservative's to food is controT^ed by 
the frevertlon of Food Adulteration (PFA) Rules, 1955 
C as amended) under the PFA act,- 1954 of the Govt.of India, 
Under the provisions of these rules, some of the foods are 
allowed to contain the pormittod preservatives upto various 
prescribed limits. However, addition of those beyond the 
prescribed limib is a logal offence. Similarly, the addition 
of preservatives ochor than those permitted by the food lawl 
is also an offense. 

Addition of Preservatives to some of che neittral foods, 
for example, milk is strictly prohibited because milk is a 
basic food and as such it should be fr'^j f; o chcnic'l pre- ■ 
rv tivos, ihr oy r, pres tV /''"i of such basic foods should 
be achieved through improved methods of Production and pro¬ 
cessing rather than by the addition of preservatives. The 
use of Presorva'cive makes it possiblo to sell even such foods 
which may be unfit for con sump'cion. They may interfere with 
the normal digosticn of bhe food and may bo even toxic. 

As far as milk is concerned, two ■types of preservatives 
are comnqnly used in the dairy industry. 

Cl) Those -to be added to samples meant for choraical analyses 
Such milk is not meant for censumption. According to PFA 
rules, foimaliir (40^ solution of formaldehyde) may be added 
@0,1 nO. for each 25 nfl. mjLlk to such samples which are to be 
presorvod for choraical analysis. It Is a^visablo to add some 
colouring matter to such Preserved samples so as to prevent 
the danger of uhese being used by mistake for food purposes. 



( 2) Socond type of Pr'^servatives ar ’ thoso vhich ar'** to 

market milk in ,ord r to nhance thr keeping quality of 
stored or poor quality milk and self it as fr''sh millu 
It is unlawful and csonstitutes prosecution, 

Oualltlos of a go od Proservativo 

4n Idoal proservativo should have the following 
attributes : 

(i) It must not react with any of the food constit¬ 
uents, 

( ii) It must inhibit the growth or dcstory the micros 
orgonisns, 

C iii) It must be easily removable before food is mado 
available for cm sumption. 

Civ) It should bo non^toxic, colourless, odourless and 
tasteless, 

( v) It should bo easy to c^d end should not be 
expensive, 

None of the known presorvatlvos moot all the qualities, 

Aduitoratim, in gGtmrol, may be defined as the 
additim and/or substruction of some of tho legally prohibited 
substances into/or from a more valuable genuino product with 
the view to incriJaso the bulk or quantity and to make more 
profit, 

Tho chief objective of this malpractice is to increase 
tho bulk or quantity or to lower down the quality of tho 
product and yet to pass it off as genuine in order to increase 
tho margin of profit. 



The practice of adulteration has hecome very common in 
our country 'because of many reasms vAiich include, for exa¬ 
mple, short supply of tho food & increased demand, degraded 
moral society, desire for more profit, low purchasing power 
of tho consumers otc. 

Take the case of milk, adulteration of which-was 
ci?n‘sldcrod'a_-sln onco upon a time has b'^como ‘liic most vol- 
unnrablc to this malpracticOi- fho adultoraticn of milk is 
easier than any oLlicr food because of tho physical nature 
of Lhc milk. It con hide a number of iiiing s and easily take 
more of water because of its opaquo end wat^iy nature, Tho 
consistency afeor wacc ring can easily be main pained "by adding 
some thickonlng agents, 

Tho chief adulterations of milk incjlade the following: 

a) Removal of fat by skimming, 

b) Addition of separated milk or skim milk to 
whole milk, 

c) Addition of water (most common) 

Addition of water to milk can be tested by dotoimining 
f roezlng point of milk which is- tho most reliable and 
accurate best, Additiai of water decreases the freezing 
point of milk, 

d) Addition of thickening agonts/solublo substances 
such as s 

1) Starch 

ii) C ano sug ar 

iii) gelation 

iv) Urea 

v) Aumonium sulphate otc. 

Addition of those tlilckcning agents increases the 
density of milk and thus provonts-the dctoctlon of added 




water lay lactometers. However, all these auhstcnces can he 
detected hy ehemicca tests. 

c) Addition of clouring matter to watered "buffalo milk. 

Because the buffalo milk contains more total solids 
( consisting of fat and solids - not - fat consttituents) 
therefore it can easily ho adulterated with water and after 
the addition of some yollow colour can he sold as cow's 
milk. Generally the folloi/ing colours are addod 

i) Cool for dyes (Azo dyes) 

ii) Qhrmoiic 

iii) Annatto colour 

iv) Carotene 

Addition of those colouring matters can also ho detected 
by chemical tests, 

f) Addition of milk powder +water + foreign fats 

Some-times skim milk or skim milk pov;der reconstituted 
with water is added with foreign fats ( vonaspati etc.) and 
sold as whole milk after homogenizing. 

g) Addition of pond water 

It is a common Practice in our country to adulterate the 
milk with "tihe dirty water from any pond. The presenco of 
such a dirty water in milk may ho detected hy the Nitrate 

I 

test as all natural"'water contain nitrate while milk does 
not. _ Tiio Nitrate tost is based upqi the principle that 
dlphjnylamino is oxidised by nitratos first to diphenyle- 
honzidine and theif to Inbunse bluo colour of qulnone immonlum 
salt. 



Ghee is anouikir e::pji;ie of food which is often sold 
in the adulterated form. Being costliest among the 
other edMe fats and oils, ghee offers its'df an easy 
prey to admixture with cheap adulterents (animal or vegetahl 
fats), Ihe major portion of market ghee in India is adul¬ 
terated, The situation is that one may get ghee consisting 
of 5 to 100^ vegetable or animal fats, vanaspati (hydrogen¬ 
ated oils), starch, artificial flavouring agents etc. 

The aduioeiation is freely practiced because of the 
complexity and wide variatian in the chemical composition of 
ghee as milk fat is the most variable constituent hot only 
in quantity liut in quality too. It is composed of a,large 
number of different fatty acids than any other type of fat 
found in nature, Rirther, these fatty acids 'hiso'/ji’iffer - 
■^fidoly in their properties viz,, solublliiy, volatility, 
molecular wieght, degree of unsaturation etc,'depending 
upon the number of co'ditieis. Tliis fact further base the 
Practice of adulteration, 


Adulterants that have been used for the adultei^ition 
of ghee may be classified as follows ; 



1 ^ 3 - 

WATER 


,;ater is one of the most essential Constituents of the 

I 

human environment. Man n* it for his physiological existence 
and for many other purposes such as industrial water supply, 
irrigation, propagation of fish and other aquatic life, genera- 

» I 

tion of power etc. Water is odourless, colourless and tasteless 
liquid. As a chemical it is unique compound of great stability 
a remarkable solvent and a powerful source of chemical energy. 
When frozen into^ a solid it expands, instead of contracting as 
nearly all oth.fcr- substances do. It can absorb and release more 
heat than most common substances. The combination of two atoms 
of hydrogen and one of oxygen that comprises water forms, 

a sturdy molecule, Trtmondous energy is needed to break water 
apart. 

Water in,its chemically pure form occurs rarely in nature, 

k 

Infact, water is commonly found to carry a wide variety of cons¬ 
tituents# The terns like 'pure*, "cl3an"and "polluted" are often 
used in describing the quantity of water by a layman. Different 
standards and criteria have been prescribed for a specific use 
of water. For example, standards now exist for drinking water 
as well as a number of other purposes. 

The changes In physical parameters of natural water are 
used as the (dtlrect and the indirect indlceh of the quality of 
water. However, the jphysical parameters are not absolute indices 
of wate^ pollution a'nd their normal values may very considerably* 
When assessing the pollution of water, the deviations from the 
norm are generally used. 

PHYSICAL PARAMETERS g- 

Transuarency • The transparency of water is determined by Its 
colour and turbidity, l.e., by the content of various coloured 
an<^ suspended organic and mineral substances* 


o / 




T-urlildlty Tho turt-’dlty of water Is oonnec'ted with tbo 
prosencB of suspfendGd end colloidal substances of various 
origins. These substances contain prrticlos of suspended silt 
including a complex mixture of solid organic and mineral subs¬ 
tances, coagulating organic colloids of iron and aluminium 
hydroxide, microorganisms, phytoplankton and Zooplan'Kton, otc. 
COLOURJglOF :- The colour of the unpollutted water is caused 
chiefly by the presence of coloured humic substances and 
compoxuids of ferric iron (hydroxide, etc.) Polluted water may 
contain a vast variety of coloured organic, organo-mineral, and 
mineral compounds. 

Temperature : The temperaturo of wa-ter is one of the most impor¬ 
tant cbarnctorstlcs which dotvirmines to a considerable extent, 
the changes In its quality. T.'mperature is an important factor 
affecting ion and phase equilibria and influeaatlng the rates of 
biochemical processes which accompany the changes of concentra¬ 
tion and content of organic and mineral substances * 

ELectric Conductivity ;- ELeotrlc c'-nductivity of natural water 
is determined by the presence of substances electrolytes which 
dissociate into cations and anions, The unit of elootrlcal 
conductivity used is the specific electrical conductivity, 
which is the inverse of the electrical resistivity found bet¬ 
ween two oLoctrodcs each of which has an area of one square 
centimetre and aro separated from one another by a distance of 
one centimeter. The units of the electrical conductivity is the 
reverse microohm. Tho correlation between the value of the 
specific electrical conductivity in general is quite a rough 
index of the total content of the dissolved substances . 
pH: - The pH value of natural water is an important index of 
acidity or alkalinity and is the resul ting value of the 
acldic/basic Interaction of number of its mineral and 
organic components, under natural ‘conditions, the values of 



pH In tho surface water range usually from 5,6 tn S.6’, tut in 
some ^ases, the range Is 'onsideratly greater'. 

Odour and taste j- Disagreoatle odours and t*stes in water a-ne 
associated with the presanco of any of a great variety of 
living microscopic organ! sn or decaying vegetation. Problems • 
of both odour and taste are very complex because the senses of 
smell and taste are Intimately related and their responses 
are often difficult to differentiate clearly. However, certain 
non-volatile substances dissolved in water can fiause tastes ■ 
without forming odours, 

r.TTRMT.rAL PARAMli.l'JShSi - Chemical parameters are the most 
important indices which characterise the quality of water. 
Their absolute values and correlations enable us to do the 
following s- 

1 , to classify the water by its mine rail a at ion, cbemical 
compo.sltion <in particular, by the predominance of 
certain ions), 

2, to evoLuato tbr ’ to provide bodies of water with 
nourshing sub stanches necessary for the dev^opment 
of equt Ic organisms, such "is 'compounds Of nitrogen, 
phosphorus, silicon, iron trace elements* 

3 , to characterize the degree of water pollution and the' 
nature of the prevalent pollutants, and 

4, to record' cases of sharp increase in the concentratipn 
of polluting substances and to pinpoint main source of 
pollution. 

For f: nurab'-r of chemical parameters, certain limits 
(in water) have been established, the surpassing of which 
requires some necessary action. However, since the composition 
of water vary from region to region, it is impossible to 
establish strict norms in regard to their quality, only some 
basic critoria, however, ca.n bo recommended when the quality 
of water is studied. The maintenance of ndtural' composition 
and the minimizing of harmful toxic substances must meet r 
vp'*'ious requirements when water'is used by various brances of 
Industry, agriculture, iisheries etc. The .systemati'e observat* 
-ions should Include the determa.uation of the followings 


* it 

chemical parsonoters. 
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1, The major Ions (bloarhonate, chloride, sulphate, 

calhlum, magnesium, and sodium, 
o 

2, Dis^ved 03jygan, / 

3# Chemical b'Stygen demand, ■ ~ ' 

4. Organic carbon, ■' 

5, Nitrogen compounds (Nitrites, nitrotes, and ammonia, 

6. Phosphates 

7, Silicic acids ' 

8# ironI and ' 

9. Biochemical oxygen demand (BOD) 

The most widely pollutants prevalent 
• 1 . Phenols 
2. Petroleum products 
3* detergents 
4* pesticides 

in addition to the components mentioned above, the determination 
of tho following is also important in evaluating the quality 
and suitability of water. 

Organic carbon 

2. Inorganic and organic nitrogen 

3. Inorganic and organic phosphorus and 

4. trace elements (Aluminium, Arsenic, and heavy metals, 
among them most toxic such as mercury, lead, car'fSmium)« 

ACIDITY OF WATER 


The acidity of pure water is mainic;,y due to tho free 


carbon cBoxide dissolved in the wator and is also produced by 


humic aclds^ fulvic acids, and other organic acids. -If the 
acidity of the water is due only to these substances of .natural 
origin its pH value is us^ially above 4.5. Water which has been 
polluted by industrial waste waters may. contain considerable 


amounts of strong acid salts, which disrupts the carbonate 
equilibrium. The pH value of such water,may he considerably 
below 4,5. Waters with pH XQs#,tben 4,5 are known to contain 



free or mineral acidity since natural water seldom have pH 
less than 4*5* • , 

fl , T.K-AI.TWTTY OF WAIER 

The alkalinity of water is mainly due to the presence of 
hi carbonates, and carbonates of alkali earth metals* The pH 
value of such, water generally does not exceed 8,3. Free and 
general alkalinity is detcrmlnod by titrating the sample of 
water with standard acid to pH 8»3 and pH 4.5, respootivaly 
using phenolphtaloln (pH 8.3) followed by methyl or<gge 
(pH 4.5) as indicators. 

HARDNESS OF WACER 

Water which does not easily produce a lather with soap 

Ul alTfevi 

is knovfli as ’’hard" water. All natural contain* small quantities 

/s 

of dissolved salts which vary greatly in composition from on© 
area to another. Calcium and Magnesium are the principal alkaline 
earths in natural waters. Hardness of water presents many 
problems in the use of water. Some of these are. 

1) Scale formation on heating surfaces in biolers and 
cooling water equipments. 

il) In cleaning processes, soaps, bAfvee forming a lather, 
react, first with hardn salts in waters to form insoluble 
calcium and magnesium stearates and oleates which form not only" 
ob^ecttlonable precititates but also results in more consumption 
of detergents in producing lathering properties of water since 
no lather can be obtained with the soap until all the "hardness" 
has been reacted. 

Hardness of water is of two typesi- 

1. Temporary Hardness, and 

2. Permanent Hardness. 

The tgnporary hardness of water is due to the presence of 
bicarbo-nates of calcium and magnesium and-can be remo^’ed by 




■boiling the water. The bicarbonates of calcium and magnesium 
are converted into precipitates} and can b,e 

removed by filtrt*iiion. 

Ca (Hn 03)2 Balling^ CaCOgJ^ -+ COg + HgO 


Mg '(H<X»3)2 • Bolling MgCOgJr + CO^ HgO 

The permanent hardness (Non—Carbonate) of water is due 
to chlorlders and sulphates of Calcium and magnesium and can 
not be removed by 'boiling. The remove permanent hardness, the 
water- has to be chemically treated. 

The quantity of calcium and of magnesium bound to carbona¬ 
tes and bicarbonates is called carbonate hardness and is expres¬ 
sed as ppm CaGo 3 . Total hardness is the sum of both the carbon¬ 
ate and the non-carbonate hardnossj the non-carbonaife hardness 
is due to alkali earth sulphates and chlorides. 

Common methods of water Softening 
1* Soda-lime pro cos r* ■ 

In this p ocess, the calcula' Jd quantatles of hydrated 
lime (Ca (OlOg) and iSDdium carbonate (Na 2 C 02 ) are added in order 
to precitate the compoxinds responsible for temporary and 
permanent hardness. 

iN/o.aC03 —^ CaCOj -t-HaO 

COxi- Q^Cp'iJx—?' 


Ma ^ -I- rVa 5. C03 Coj ^ 

If -t 

MaCo, 

Cx(HC 04 ;^-V Ca(^hj2-^ ^CaCOj^-^HxO 

Ma CHCOjJ^ C ^lohh C<i COj -f 



2, 


^eollto or Baso Exohango Sy stem 


This process Involves the percolation of water through 
a veBs^ containing Zeolite where upon a process of "base 
exchange is brought about, calcium and magnesium learning the 
water to enter the Zeolite and their place being taken by 
sodium* 

Na - Zeolite + Ca-water —^ Ta - Zeolite Na-water 

By this method both types of hardness removed, and the 
process is self-regulating* The Zeolite may be recharged by 
running a solution of salt through the apparatus. 

Ca- Zeolite + NaCl ^ Ua- Zeolite + CaCl2 


/Harlsb Chander/ 
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solution ' “ " 

grTRODTTC.ai Or^ , ; 

In Cl solution th© molecules of one sutstunce ar© unl- 
foimalTy distributed 3n to another sutstance. Solutions 
ar© homogeneous mixtures of two or more substances. The 
Substances present 3n large ccmcentraticn is referred to 
Ss soye nt and the substance present in smaller concentr¬ 
ation is call ed 


Solution may exist in the gaseous, liquid or solid 


s tates. 

b elowt 

The various types of 

binary solutiens are given 


Solute 

Examples 

Liquid 

L iqu id 

Alcohol in water 

Liquid 

Solid 

Kaj61 with LO«.tiV 

Gas 

G’as 

Air 

Gas 

Solid 

Camphor In air 

Sol id 

Gar. 

H 2 . In pd 

Soild 

Solid 

Au in Cu ( alloy) 


Dilute and conc.gn.trajt_^d. 

A Dilute solution is one which contains small 
amount of solute in laigs amcxint of water. 

A concentrated solution contains 5 

comparatively large amount of the solute in the scO^-vent. 

Sg^t ura tod, Un sa tu rjELtod^ 

A solution which can't dissolve solute any . 
longer a.t a given temperature is called a saturated 
solution. 

Aa unsaturated solution contains a lower concentration 
of solute- than a saturated solution. ■ 

A supersaturated solution 1-s on© whidj contains 
higher concerntratloi of solute than a saturated solution. 



5' 

1- 


fio'-.e-ftl rstlran unl-tR;— 


<iyCL 


sol^^tion 1 


„ n>^ itotal nur^ber of moloP of the solution. 


1 If - Maee in '^I’ams of solute 

jf ,V^^_ Mass In Jyiiwns solvent ^ 


Thesn. fiaes 

Mggg 

Volump 


per cont of polute Ca) - 




X loo % 


Nst^c^irtl Institute of 

W = l«a&s of -the soluta (say 5 <;) I Oocun:^^»' 

Unit (N-C.€. P.T.) 

. /■' t i 


V = Itelumo of the eolveal 
M_X lO0% 


\ 


Acc. ‘V 7,/;^" 

Date. 


Wolarlty (M) i It is -^ottned ap the number of moles of ihe 

solute present In one litre of the solution 

M @ Hmaber of inoloa o* eolute x I L 
"V ^ Y\ e 1 

V Is 1 ho volume of solution 

1 ITOle s: l"*olecular r of a lubsianco enpress^d in <?ramsa 

1.0if if a Rolutiou of lactose co''tains 34.2 g of lactoew In 

400 ml o* water solution tl:en molarity wall be s 
(^X Molo of lactOfo = 342 g 

numbor or inolap of lacto^ •= 34,2 a; 0.10 

34,2 

O.lO molf, of lactose is present in 400 tnl or = 0.4 litre 
of the EoluTlon, 

'therefore, ^Q*,lO,, x lOOO = O.JS 
400 

'lonAlltv (N) t It Ip '^o‘■I ns'i as the nunber of grams 

“■quivalent o? the solute prosont is one litre of the solution. 

N s= liuia’oer of gram ooulvalent of solute n i l 
V litros 

ihus a normal solution contai >p> one gram of equivalent for 

11*rc of The solute. 3v O.IW 1 on ie meant a 

~ . - 







2 "f" aorriiality can also pvpwpsffrt ai^l 

Nojmiality = ^jir^^ngfah of «V1 

equ 1 valaat wo 1 s^ht 






'Z i viJ p-'TO* - < 

;i ■> ; l#!,! ^5 ■ 0-. ^ i ■'? ' --S-lT 


llqu I'J 


,; <~. !■ ^iri I*' I pr" fwrc o^f th" 

I 

Bouivalgnt Weight 


Thf» oqulvalont weight of a nubstancn le that much wolght of it whleli 

^ (« 

Ip chainlcally equivalent to one gram atom of bvdrogatt. 1 
gram atom of oxygtti or 1 grain atom of chiorina* The rolation 
between moloular and equlvalont weight of a cubstence Ist 

^Ao^ VJl' 

Saul valent Weight = -- 

n representing the number of gram atoms of K or 1 om, 

a 

atoms of o, equivalent to one gram molocule of the eubstance* 

1 , is'or an aei*’, n equals ths number of H atoms in one molecule 
of the acid. Thi/st t 

BCl + JtaD*' = Nac£ + Tl^ 

> , 

Bc i=n 

^ Hq.ut. of ret • ’5“ 

( - “T 

2* for a base, n equals the number of He ions that react 
with ono molecule of the ba5e. thus, 

KoH -t- h Cl -^ Kcl 4 HslO 

/. %. hit dj Ko r ^ 

3 , for an acidic or tlaslc .fait, a equals the number of 
+• • 

K Of OH Ions roactiong with one melocuia of the salt, 'ilus, 

Naa.^Oj^ ^-5KcL -3 iVta^Cl 4 -»• Cc>a- 

, . /^/m 7^. W h oO /V^;i ^0\ 2 3 

■ ^ ^ 

^ Sl> ^ 

4, Toot an dxlflslng or fte'*uciag Agent, n euuls the number of 

: 1 O atoms ■Aimiehaf^ pv wr reacting wltt’ one moleeuio o-*' the 

5“ I . 

reaisonts, ^hi,5^Cf~^ Ki,i0if 4 

A % ^ 

'ii ^ a'-' * *■ -5 '' ^ ^ **» 







■^ve c-.jt: (^V^rcA h::^ 


£^l€Vcs.^cJ^ 

);i-s 5-J5-S C'-y e '•--Kf<;, 

Pol^eat r«»fiuces oii a'J.-li^Ion of a non-volalilw eolti'tn. Thus 

n ''i .O’.XOK- r in ’-tiW' «.' ii-'*:--<i tO '-o /■’•''f' ‘" '' -jL- 
to niaka vajJour nro*'Pur'= "oual lo “fco ai''nopm-o rlc pr*-"* *)sur*?', 

5104.01(.XV»n\ ht^hn® +pfBfpftralur0 

ftoBJis thjt®tOl-h&t t^^lnt5/-t>o'l:plJ0f,,ll?«?/■TSPj.'lJ^l^on |■i^ ^S^het than 

f 

^iho PureJ (ebivifcit, ;! '' 1 - ■■''/'• 


'-*i*. 


Oepression in freezing point; Tha ^raazlnss point of a llquiil- 


Is temperalurc^ at which thq vapour pros pure of the liquid and the 

r , " « 

solid'plates of the sajlar^anca are the same* It' has boon found that the 

’ c< ■ , , 

^leozingf p^lnt of solution lowojrfs -town on adftit-ion of a non. 


volalile solute In the solvent, 

A Colloidal State I 

SOBie fub stance if fuse rapidly ih a solvent and make 
solution and readily pass through animal or ■vrage labl© membranes, 
an-’ pome olhorp do not respond readily, br^a, Turgar, salts 
acids, bases, etc. difryg^ leadiiy in solution and are calt<^ 


crystal^oidp, .(fe lal \ .Jjluo, ,-otc ,do not 

^ i-(dlfifu.sp jiea^^ilv, in poiuiioi^ and arp ca.^od colloids, , 

^ J I''I *"■■''•/•/''I / «■ I 

olLoidal- sVata l»-a het'o'ro.gomoup sjystejr-' 

Tlntemediate batwe=p,a ypension aud a “ipo ■ soltivinn, ' In a colloidal 


solution, solute parllcleg remain dispHraed in a disporFion 

me-’l la (solvent) and are quite small in Ptz« (i§® to eras); 

stse is midway betwaon size of the solute in solution 

-5 

( 10 cw) puaponsion <10 cm), ib-rticlee keep floortlng. 

^aeh particle le co.nflnod to its boundary sui face which 
separate it from the conlnuous dispersion medium. 


i 

'f 


" • .I.J !l’. 


' ,'.■'1 ! 




Property 


■olutlrm 


Collcii-* 


fuspetie-lon 


|<,'535!® ■Of parrlel^e 

2. '-J'yos of mixtuxip 

3 . Apmnr-ncn 

4. « '-Iblllly of 
’aartielsp 

5« '^paratio.-i by 
fill ti-at.lon 
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10 cm 
HomoF^jneous 


Trg r rp? h'-sr t 

cannot bo 
evon un^'er 
powirfbl inletoe- 

COP0 . 

.JOt pussiblo 


-5 *7 

10 to 10 cm 

nbtoro^nooue but 
appears to ho 
l'omo^o!ioou B 

Tran plucont 

Can L»E£!Or> by 
a poi*^rfUl 
mlttroFCopo 


cannot be 
e=5p-> ra iofI 
by ordinary 
f31' tratlon 


■*« 

10 cm 
Hs teroscneoas 


OtMigue 

Anlble to 
nakori eye 


can be separate 
ed by OfFtlnary 
fll tratlon 


CollolFt partlcloe are characterized by an ospoclally high r^tlo of 
ssurfaco »r«? to mafip, so thnt own a pmall amount of collolFt may have 

a large working eurfaoo. '"his provldos Incroaped opporkunltlee for 

chemical action, for '31'’'‘orent chemical p to meet and interact, 

jlnul plont a' liquid dipperaod In a liouid dlpporstng mndlum is known 
emu Irion, ’'ilk the most common example of an emulsion, is timply fine partlcls 
of fat susp'^'^ded m an aqueous medium. It also contains capeln which 
fijb’iiap*' the emulsion. ’lero casein works as an eiiiulF,lfior and is 
cplied OTUlPifylng agent, ihls emulsion be longs to oil in Wator type 
emulsions, ‘.Vater In oil is another type of emulsion, tkittsr is an 
ewmole <'f this clas*'—wtiere fine particles of water are dispeaiineted 
ir meMum of ITat. 

Surface tensioni 

In a liould, the molecules are much closer together and the cobeelwe 
forcer arc much sjrronger, A molecule In the body of a liquid is 
ocmmletfsi,, nirrcunded on all ei'teg by other moloeulep and loteiwmolecular . 
attractive forces are, on the average, exerted oquallv in all dlractlons. 

A raoleeijla at the surface of a liquid, however, ip surrounded on one 
Bido by moleculeB In th® liquid and, oq the o he r, by more widely 




molecules 




scatisrotl ■n'^lscul^s In 1:b« vapour -taio* 
wni, iheinf'iro, expfirionc<» inwaid ai1.iactive -frucep Which account-for th® 
(?uv^’ii.co -laKplon of llqult’e, *hls cau«3i=> lioui'^p io behave as though their 
sairfacee c''i''Fist« of aa elaPiric ^1n acH one tnUcat.lnn of .hig: _ 

1- that liquid fwr^aees upwnl’y assume the ‘'tnallopir popplble ar«a, 
this TiBatiF that t'roely iaispeodallnuidB "orm Into pphi^rical '^«ops. 

'•'a'" or a- a ll'’uld purface, which is really one .to 

acii:!'^ inwai'ilv ts c'-iled purface tension. 


3i‘'c“ 1 ho ■f’oroep of atxr^ctleti between the molecul of a liouid 
dacicaso wi ■’nn t-^mperatu re, it follows, thextsforc that the sufaea tension 
Wll^ '’ecresse when the lemperatux® is incroaFSOd, ‘ 

VLrco-lty 

Liouldp flow at different epees, fpr, example, water flo.ws with 
^reti-r rpaed than honey. Obviously, some Fort of litiomal friction Is 
opeim.inq which hamper flow of llquldF and which varies from liquid 
o liquid, ij-is Internal friction le primarily -’uo to force*i of attraction 
be.weon eolecnles. If we consider a flow of a liquid In a tub® 

Ke;: .he v^lycily o'’ the layer touching <hp wall of the ,ubo Is aero and 
it i.ncf . r *9 as we proceed toward- the centre of the abe. i>uw 
to greater Inieimolecular attractions, tho molecules moving in any 
on« layer wui tend to hampor the movement of the molecu oe in tie 
1 .tor moving Ipyer, .^s a consequence the velocity of 
i, .aster moving layer Incres-r-r. 'bus. viscosity Is the 

■'"ir ic- to ibr, flmv qf a nui^ .t;b'Pt.'.',ce. 




''ifc-Pl-iy of a llqui-i oraa 
® “’ct of Intennolecuiat 


FOF wi^v> icc^aaFo cf tomj'JPra".uie 
aitrcctions is decr-aped. 
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ACIDS JIND BASES 


Acids 

The word ‘acid’ is commonly used in eveiy day life. 
Solution of acids have a sour taste. Sour taste of 
spoiled milk is due to lactic acid. 

Solutions of acids turn tlue litmus red, Lltnus.is 
dye obtained from lichens and its soluticn is often used in 
the laboratory to determhae whether a solution is acidic 
or not. 

Solutions of acids usually yield hydrogen on reacting 
with acid metais. 

Solutions of acids liberate CI.O 2 - from carbonates, 

("tCl ^^1/) —^ Ht-0-V- J 

Acida react with oxides or hydroxides of metals to yield salt 
Cu.O (S) -ir 4- }i%0 

'X 0 H 1 i- h-i^SOLf — 5 ? r^osi SOif 4- ® 

Thus an acid is of ten'defined, on the basis of above 

properties, as asubstance which turns btuciLitraust red and 
contains hydrogen, all or most of which can be replaced by 
a metal, directly or Indirectly, with the foimation-of s^t. 

This definition is also true for some substance which 
are not acids* It is the hydrogen ions obtained fron all 
acids when they are dissolved in water which account fo^’r 
their general similarity in chemical properties. Thus the 
proper definition of an acid i-s; A substance which on dissol¬ 
ving in water yields hydr-c^en ions, 

hO -t- -=?> f(s0'*'+cj2~ 

Bases .‘ ’ 

solution of bases hhve bitter tagte -and'th^ feel 

slippery te 1.:*^ bcMch*- - - 



Solutloa of bases turn, red litmus- blue, 

SoluticKi of bo-ses react with acids to fom rtltp*'.® 

GkO 'I 

KOH -V H 1 VO 5 —^ |<t>/(93 + 

Very few bases dissolve in water, those that do 
called alkalies# 

Solutions of alkalies precipitate in soluble metallic 
hydroxides oh interacttig with solutions of salts of many | 
me tal s# 

C^SO^ -t- iVa oh —^ Culo'^J2_-+ 

' Ihus, it is clear that the hydroxide ions produced ty 
alkalies/bases are responsible for t hoir general similarity 
of behaviour in the reactions listed abovo. 

Thcrofore, a base is a substance that furnishes hydro¬ 
xyl ions, when dissolved in water. 


Bascitv of acids : 

Basicity of an acid is the nhnjber of hydrogen ions 
which can he given by one moloculo of that acid, 
or 


Basicity of an acid is the number of hydrogen atoms 


in ono moloculo of that acid, ■^^ich con bo replaced by a 
metal, 

Acidity, oXtjisoai 

Acidity of a b ase is the number of hydroxyl ions 
which can be given by ono pioloculo of that base. 

The strength of acids and b.a«=iGR » 


Tho strength of different acids and bases mP-y bo ccm-», 
pared by using a mixture of different ^-es known as 'Univ^ 


1» 


indicabers.* The colour of this mixture depends upon 
concentration of h'’' Icns/which de^sjmine acidity) in a 

'' r -i*' V f * ^ 



soluticn 


-■ / 



It has been found coiivenient to express acidlt 7 by using a 
scale of numbers knovn agjthe pH scale. Water has a pH of 
7 and is described as neittral. Solutions which have pH 
greater then 7 are caned basic| solutions with pH lower 
than 7 are colled acidic. The lower the pH value the more 
acidic is a solution, 

colours of universal Indicator 
pH . 4 5 6 7 8 9 10 

colour Red orange Yellow Green HLue Indigo violet 
Acldlty/basclty most acidic. .Neutral.. ^o^t basic 


The ,nH sc ale 

In 1909, Peter soyensen defined the pH as the 
negative power to which 10 must be raised equal to the 
hydrogen ion concentra’ion ir'd. 


The pH can be c::prG5Sod directly in the following 
equation : 

pH = -log (H*^) 

In the same fashion, we can define the pH as the 
nogativG logarithm of the hydroxide concentration, as follows: 

CoHj -- Qoh'ZJ 

Suppose the hydrogen ion .concontration in a given 

— 4 b l-f —' — {—\o 

solution is 10 M, ahon tho pH will bo 

— 6 — *-< 

Similarly in pQH of a solution with ID M hydroxide 


ion concontration willbo 12 , The pH and pOH of any solution 
arc related to one another toy following equation: 

pH = pOH = 14. 


The pure water is neither acidic nor basic, since 

C J . c 10 l.e, the pH of pure water 

is 7, In acid soluti on o, the concentration of the hydrogen 
ion is always greater than 10 M and tho pH is always less 
than 7. In bas.io solutions.} the ^ydtogon Ion concentration 
is eaways less th^n lO"" the pH is gieater thm 7. 




T'hdlv 


pn-hnrfl; M Indicator Is a reagent which makes the :4L’ 

end. point of a chemical roactiai visihlG hy undergoong thfh 

✓ 

colour change. 

A number of coiaplex organic molecules have the prop?: 
of clanging their molecular structure and colour when placet 
in solutions in which there is a change of acidity or alkailJ 
nity i.e. pH, Because of this they ara of value in 
''Indicating ” the neutralization or oquivalonce points when 
two chemicals are present In exactly the correct pioportiaiii 
necessary to react with each other. The indicators find 
their application in the volumetric titrations in which th^ 
concentration of one reagent can be found if the concenti - 
at ion of the other reagoit is already know, 
ilaw-the Jadlcator work_s ? 


"When the solution B is gradually added to the soluticn 
A containing on indicatorj it fi i^st reacts w'ith A completely 
and then becomes in sdighb excess. The i'udicator at this 
Point either changes colour or forms a coloured preciptate 
with excess of B and thus shows the ond-point clearly. 
iShe orv . of Indj c ato r. ao ticn 


The first useful theory of indoc ato r was suggested by 
W, Ostwald ^ 1891) , He considered that the undissociuted 

r ^ 

indicator acid CHIn) or base .('inoH) had a different colour 


from that of its ion. 
may be \>rritten : 

Hln 

/ In ©H 

Unionised 

colour 


The equilibria, in aqueous solution 


01 -/“ -4 

Ionised 
colon r 



. Aa ? 



If "the Indlca-’^or is an auljydro Id ds ^In), for example, a 
fi*6© Q-iuij!! © 03? kjo v-ut;0.11 illrb iiiui is * 

In -f- ^<1^0 0 H~ ^ HT-yf" 


Ohemlstry of Indicators 

Indicators, in general are either organic weak acids 
or weak hases with a characteristic of having different 
colours in the ionized and unionized forms* Jbr example, 
phenolphthaiein is a weak add C ionized form is pink and 
unionized form is colcirless) and methyl orange is a weak 

"base (ionized form is rod and unionized form is yellow), 

1 

These forms for phenoiphthcaeiir auu mathyi orange Indicat 
are shown helowj 



O!' 




Berd-zenoid form 
C coiour-less) 


Quinonoid form 
C pink) 


C Phenol ph thal e in) 



=f< 

Benezonoid form 
C yollCT) 


So3> 




rv_ rv >1 


Quinonoid form 
C red) 


O YC"»^ 
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ly o£_l£ Ldlfiat9 V s 
These are <lif twD types 

(1) Asjjf^.9.se tadiaaiigjEa 

alley are used for acid-alkali tl-cratiohs. Ifost cemmonly 
used are phenoiphthaleife^, and Methyl orange indicators. 

C ii) Indicator for ojaier purposes 

These are used for chemical reactions other than the 
acid - alkali titrations. For example oxidation - reduction 
reactions, and those involving complex formation "between 
motal ions with organic reagents. Examples are potassium 
chromate indico.tor, starch indicator, ferric alum etc. 
Sele ction o f the Indic ator 

Tho choice of the Indicator for a particular titration 
depends upm the mature of the acid and tho alkali to he 
titrated, Tho selection of indicator for acid-base titrations 
is shown in tho table* 


Ao_ld_^ 

__^bcil,i__ 

Strong 

Strong 

weak 

strong 

Strong 

weak 


__^Ijidicator_ 

Phenolphthaleta or methyl 
orange, 

P henol phthsCteln 
Methyl orange 

Methyl oreoige 


Streng acids are H C5l j\~*, t 

Weak acids are acetic acid, oxalic acid, citric acid (i^l 
organic acids) • 

Strong alkalies are K.OV/ 


Weak alkali'Ss are 2 . ^-^3 / HCOj ^ ^ 

corbonates & bicarbonates) • 

Note_— 'pbr titrating a strong acid against a strong alkali 
although both the indicators can be used, bat phenoiphthaleln 


should be Preferred to 
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It gives a clear tadicatioa of the end point. 

Different incllcators change colour over different 
ranges of pH, and the most useful are those havfng a distinct 
colour change over a narrow range of pH. Some of the ccmmcn 
indicators along Td-th their colour chsiage in acid & base, 
and pH range are given below in the [^ble - 
Colour find pH ranee of some of the acj.d -h aBe. Indlcatora 


Indicator 

Chemical 

ITamo 

Colour in 
acid 
solu tion 

Colour in 

alka.llno 

solution 

PH 

range 

6 resol red 

C acid) 

0-C rosolaul phene 
phthal oin 

Red 

Yollow 

0«2 - 1,8 

Thymol blue 

Thymol-sulphone 
phthaleln 

Rod 

Yo^Low 

1,2 - 2,8 

Bromo-phenol 
blue 

To trabromohonol 
suiphme phthal ein 

Y ell ow 

Blue 

2,8 - 4,6 

Methyl 

orange 

Dimethyl amjno-azo 
benzene - sodium 
sulphcnato 

Red 

Yellow 

1 

3,1 - 4,4 

Bromocre- 
sol preen 

Tetra bromo-m-cro- 
sol-sul phone - 
phthal oin 

Yellow 

Blue 

3,8 — 5,4 

Moth^ rod 

o-Garb oxy-bon zme - 
az'o - dimothrlani- 
Ihio 

Red 

Yollow 

4,2 - 6.3 

Bromo-cro- 
sol purple 

Dlb romo- o- c ro sol - 
sul phono phthal eon 

Yellow 

purple 

5,2 - 6,8 

Bromo thymol 
blue 

Dibromo- thymol - 
sul phone -phthaleln 

Yellow 

Blue 

6.0 - 7.6 

jphenol isd 

Phenol- sulphono- 
phthol eln 

Yellow 

red 

6,8 - 8.4 

rCrosoi red 
(base) 

O-Cresol - sul phone Yollow 
phthaleln 

rod 

7.2 - 8,8 

Thymol HLuo 
vhase) 

Thymol- sul phene 
- phthaleln 

Yellow 

Blue 

8.0 - 9«6 


Ph^ol-phthorH Phenol^phithaloln 'Colourless Pinlt-red 8,3 -■ lO.O 
1 cm 


Turmeric 
Alizarine - 


Yellow 


Orange 8.0 -• 10 


® Yellow -Rod-Oi^ngo 10. - 

^ ej. 1 ow R ■«* azo ■■ ^ saCL^cv^^lc ^ '* ^ ^ ^ 


a 3 **“ 


£3^ e£5£aMgEkJ?fLXq:&]dng....a^ - oominmi v 

used Jja gig^t oTB. 

15 Sis:^s^jUQ±±ssd^^^ 

Dissolve 0*1 gm in 13.3 noi of 0.02 M UaCH and make upto 
250 ml wibh distilled water* 

25 ®320apJ..jDXH9liAGii3:i,,Ji^^^ 

Dissolve 0.1 gm in 10.75 ml of 0.02 M llaOH and make up 
fco 250 ml with distilled water, 

3) Brcmophenol blue Indlo.nt. v 

Dissolve 0,1 gm jb-i 7,5 rd of 0,02 UaOH and make up to 
250 irCL in distilled wa,fcer, 

4) MethviL. _orang e I pd,l oatpy ' , 

* 

r 

dissolve 0,1 gm ±n distilled water and make up to 100 ml. 

Dissolve 0,1 gm in 7,25 ml ofvi0,O2 M NaCH and make up to 
250 ml vd-th distilled -water. ' . 

65 Methyl red indicator 

Dissolve 0,1 gm in 13.6 ml of 0,02 M NaCH and'make up to 
250 ml in distilled water. 

75 Bromp^qp^oiL 

Dissolve 0,1 gm in 9.25 ml of 0^,02 MilaCH and:-make upto 
250 irDL'Xdth distilled water. ' 

i 

85 Bromoth-ymo l hjue indicator ' ' = 

Dissolve 0,1 gm in S ml of 0,02 M NaOH and make, upto 

250 irOL with distilled water.', ■ '■ 

1 

95 „£henqg^e^..in4,lo.r.J^ • ‘ 

Dissolve 0,1 gm in 14,3 of 0.02 M lla'OH and make upto 
250 ml with distilled water, 

105 Cjpesol reiCbase> indicator 

Dissolve 0*1 gm in IS,3^ ml-.-of- '^d make upto 



-X 



11) [EhymcO. 'bl.ue_.( 

Dissolve 0.1 gm la 10.75 nfl. of 0*02 M NaCH and make 
upto 250 ira with distilled water. 

12) P frenolPhthaieln, jndic.ato x- 

Dissolve 0.1 gm la 50% aciaooQS ethanol aad make upto 
lOO nfl. with 60^ aqueous etheiaol. 

Dissolve 0.1 gm la 80^ aqueous ‘bthaaol aad make upto 
lOO loL wilii 80?S hquGcus etiiaaol. 

14) iQ.lzarla_Q_jro l.low. R. Jadlc aJ^x 

Dissolve 0.1 gm la dlstHlod water and make upto 100 


BO.. 

15) ■ 

Dissolve cue gm of tho solid in lOO ml of water. , 

16) Litmus -', solutioa. (.Hal) 

To the hluo li‘traus>.'' solutlax prepared above add a dtop 

, I* 

or tv/D of dll. in order to change its colour to 
red. 

17) Ferric ammo nium..■SUlPhato In dloator._ _C_lOJ_wZ3il 
Dissolve 10 gm in distHlGd water and mako up tho 
volume to 100 mL, 


18) 'feild.fQrrla.ammonlu m sulnhato indicator 

Dissolve 0.2 gm of ferric ammonium sulphate in 50 nfl. 
of distilled water, add 6 ml of dilute nitric acid 
( concentrated acid diluted l-»0 vri.th dist.watoP ond 
mako up tho volume to 100 ml with distillod water. 

15) £flJias.53aiL-Skiloj^ ijadicatQ.r. 

Dissolve 5 gm in distilled water and mako up tho volu®' 
to 100 eCL . . ' 



20) Starch I ndicator so J-Utlon 

^ Mix the minimma volume of t;ater with 1 gm of starch 
(preferably soluble starch) and 5 mg Of mercuric iodide to 
form a smoo bli paste, Bacn stir la 500 ml boiling distilled 
water and boll the mixture for further 1-2 min. If the 
solution is not cl oar, allo^/ it to stand to separate. 
Decant off cho cloar supernatant 3 iquld into the indicator 
bo t bl e, 

21 ) ' 


22 , 

23, 


Universa,! or 

By suitably mixing certa-ln indicators bhe colour change may 
be made to extend ever a considerable portion of the pH ©an— 
ge. Such mixtures are u^ally called 'Universal or Multiple 
range indicators”. Such multiple range indicator solution 
can be-used to find out the approximate pH of the solutions. 

Multiple range indicator solution (for oxample, the 
BDH "un Ivor sol ” indica.tor) and Multiple rohgo indicator test 
papers are also commercially avarilabloi A 'Vide range” or 
universal test papers cov^-rlng pH 1-2 to 10, as well as a 
number of narro\j- rongo”' indie at-r tost papers which cover 
most of 'oho pH range in "tops of 1,5 - 2 pH units are 
available in tho market. 


' Mixod indi cator solution for nitrogen ost1.matla n 
Mix equal volumes of a sainratc.d solution of methyl 
rod in othonol (95^ by volume) and a 0,1 procent 
solutlcn of methyleno bluo in ethanol (95?5 by volumo) . 
Mcthvlono bluo in dicator for lactose.. o^.tLi^atjL aa 
Dissolve 1 gm in distilled v/ator and make up tho 
volume to 100 ml, . 

Saturatod fQrr ija--Qlua.jLadlcajlQ£.-gia^^ ^ 

Boil excess of iron alum in 10^ nitric add,* ccol 
and filter. 
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o'^ly Mj? c I'os'* '.I '- ' '■ '-'''- i'"'-- :'^oo - 

-'ovt' ^Cicxi. se-<i "■-’otT’S unc'.C'r 

o'f! fo^'d -vJl-d, '• -t ' '• *' (k •' ■i?' *» • i-jiy 

. • or aii?X, ’ c.r any o'ulif'r f" r^Jld in Wi*-' laark''■:;«>, 
it doro lOk, -Iv, “•■•■■ , •o-^lca foi bhe 
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^.Qjatj:3Lia£?:s* 

Noutraiizors aro cliemlcoj. gubs-tancof?, which arc alkalino 
lia naturo. They aro added to tho food in order to regulate 
the hydrogen ion concent ration i,o» acidity of tho product. 
The neutralizers gone.rolly u.sod are alkalies such as f 
C i) Carbonates and Bicarbonates (lTa 2 G6q HailCl^g) 

( il) Hydrated lime (Ca C6H) 2 ) ' '• 

till) Caustic soda Cl^aOH) 

\ 

Attong those alkalies, sodium hydroxide is a very stroag 
alkali and it lias to bo used with ^rcat care due to tho dabgor 
of ever neutralization, 

V ' ' 

Ci).r SodJum- Qi-'.rbotthti;:: ( Nag 

A 

Sodium carbonate Is nlsp known as washing soda or Soda 
Ash or Colclnud Soda, it is a compound of sodium, u91*^1 

. I ' 

commorcita form is bn anhydrous, powder CNa Gfilo) , hut soda 
monol^drate CWag and the docohydfato (Nag lOH 

gO) are oiso sold, ‘ 

'•■tt 
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Sodium carbonate is moderately soluble in cold -water 
and very soluble in. hot wator. The Aqueous solu Lien Is 
strongly alkaline, duo. to-hydrolysis, and this is the basis 
for some of its uses. 

tv3,^0 2-+ T.iVcv.OH-t 

I , 

Soda a,sh is sold in bags, barrels or bulk to contain die 
equivalent of 58% of sodium oxide, (\ldi,x,0 v;hich, corres¬ 
ponds to Q9% of soda ash. 

Soda ash is to be considored amung tbo loss expensive 
alkalies vAien used to neutralize acid, Tho noutralizing 
value of 1 pound of' soda ash equals that of about throo- 
fourths pound of caustic aoda, which soils for more than 
t-v/icc as much. Soda ash is fused with lino and sand to 
produce glass. Lo.rgo axatunts 'Of sodium carbonate arc used 
^in^,industries like textilo, paper, petroleum rrfining, Paints 
etc. It is also used for softening of hard water, Sodium 
carbonate is connionly used as titranb for standaridising 


acids volumedrically. 

( li) .find luiTL lUjcarhcianila CiTaH C^Ss) 

Sodium blcarbonato is also kno\jn as sodium acid 
carbonate or Baking Soda. It is mcderatoly soluble in cold 
wator and much more soluble in, hot wa.tar. Tho' squeous 
solution is mildly alkalin .0 .oven tb jugh structurally it is 
an acid salt of co.rbonic a,cid. It is produced a.s an antcr- 
nediate pr'>/duct in the solvny process for manufacture of 
soda ash and sold lia granular and powdered forms. The 


la-'cter contains not less' -liion 9£>% of sodium bicarbonate. 

It tends to give off carbon dioxide to form a minor amount 
of sodium carboxiate on exposure to air. Sodium blcarboiate 
is Used as an 5,ngre,d;i6Ut of bn^hg powder and ©fferve scant 





tji 3 jaecessaiygW- g^-Sj C'lr’Don dioxide. For ‘ohose useff it is 
more suiijable tliQii soda o-sli 130001136 i^lio oicarbonace requijQj 
oilly hcdf as mich acid to docomposc it. The mild alkali-‘ 
nity fihds many other applicrtiohs, for example, sodiam 
hicarbonate is also used in digestive powders bo correct ' 
the excessive acidity of the? s«onia.ch, 

' I 

C lii) CalG^iJijii, liydKQJSi'i® LCa£pHj.2) 

Calcium hydroxide is also known as calcium hydrate, 
slaked lime or hydra-ced lirno. Ib is a diy, white poi^jder 
whose solution, called lime v/aoor, gives a woaly alkaline 
reaction. 

Calcium hydroxide is only slightly soluble in water, 
0 * 17?5 in cold water ond ally about half cliat in hot water. ' 
The white suspension of the powdor in v/atcr is known as Milk 
of Ldmo, or Lirno Slurry, When reacting chemically, the 
soluble part reac'os firsts as biiis is us^'d up more suspended 
solid dissolves ond this ifettum: reacts. The action is 

t 

therefore a progressive one. The fi.nal effect may be the 
same as with a stronger alkali, bub tho calcium hydroxide 
requires more time to react. 

Calcium hydroxide is prepared by the action of water 
or stem on the anhydride, calcium oxide, CaO, Imown as Lino 
or Qnicklimo, 

I, 

, , Slaked limo is used in the raohufacturo of more e 3 ?pen- 

sive alkalies fromhiatuio-ily occurring salts, such as in 
limo-soda process for caustic soda. It is used in largo 

i t 

amounts to neutralize acids in tho chomical industry. 
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or-lolum hyiroxlao Is also used In too mmufaotuK of 
iloaohdng pewdon, purlfloatlm of sugar JuIcob, voter softaor, 
in vhlto wash, m vator paints, in ogrioultoro, and as m antt- 
aold In modlolao. Ltao soaps arc proparod fron oaiclum hydro- 
rido and usGd in Lubricants and greases, deed quality ^Imo 
Is the basic material for the mmufaotaro of toany calcium 

salts. Micro applicable, llmo Is outstanding as too Incxpon- 
si VO industrial alkali. 

Civ) podium..Jfed,rpxlAP_iNjjl^^ 

Sodium hydroxide Is also knovm as caustic soda or sodium 
hydrato. It Is a white translucent solid. Its qquoous 
solution is sorongly alkaline. ' Sho solubility in water is so 
groat that a solution can bo Prepared containing over'70J? of. 
the alkali. It Is also soluble in alcoholj other and glyco- 
rino. In some industries the arpv '.us solution is caiiod Lyo 
or Soda Lyo. Tho housohold product sold under tho name of 
lyo is caustic soda. 

Caustic soda, is manufactured from other sodium compounds. 
Ono method starts with sodium carbonate, IIa„ C6 j Soda ash. 

is troa'ood in solution with slaked lino, Iho two react 
to fom caustic soda solution and calcium carbonate. Tbo 
latoor is insolublo and precipitates. Iho supernatant liquid 
containing ITaOH is drawn off and evaporated. 

■Snalybical gra,dos of sodium hydroxide appear most commonly 
as sticks crystallized from alcohol, and as pellecbs and 
flakes. Caustic soda bakes up both water and carbon dioxide 
from ’chc olr^ therefore it raist bo kept in closed containers 
of it will detoriorato rapidly. Protection fren air is impo¬ 
rtant , as some sodium carbonato is practica.lly olv/ays foitnod, 

as follows, ^ C O ^ /Va 3 H^O 



CoTniaoi'cica toms of sodlun hydroxido aru ns powder, 
it 

flnko, lump or li(^id. 

Ccustic sodu is couacnly usod Id 'the memufac-buro of' 
soap. Ordinary or hard soap consists of tho sodium salt 
of fatty acids. It is also used extensively in oil refining, 
ans as a reagent in many other liidustries. It is the strong 
alkali generally used in Industry when a wauer-soluble 
alkali is essential. 

Sodium hydroxide being a strong alkcai it fredly foms 
salts v/ith acids e.g. 


Iteu1a‘.^iaers_ JA. - 

Milk is highly perishable, and during stortige, it 
undergoes jaicroblal a,ct.iai end develops acidity mainly due 
to the partial conversion of milk suga.x' (Lactose) to lactic 
acid. The con version of lactose to lo.ctlc acid is shown 
as follows : 




' ^ aa zyme 


C^,(l\-x.Oc 4 

Ga,lactone Glucos0 


'■2 -^ Lactic aitid. ^ 


During summer, when che tqmpcra'turc Is very high, 
milk received at the processing plant may bo too acidic to 
allow satisfactory lioat processing. As such it may not tc 

accepted by the milk plant as it ma.y curdle during procesriP. 

* 

bocausG of high acidity. If such a highly acidic milk is 
used for bhc manufacture of milk products it will result to 

I 

final product of inferior quality. 



BQccwsG Of thG poor koopiag c^iality of milk parti¬ 
cularly under tko tropicol conditians and poor transport and 
chllliligf facilities, bhe producers or the middignen attempt 
to neutralise bhe developed acidiby of milk hy the addition 
of variojs neutralizers such as sodium hydroxide, carbonates, 
bicarbonatesj hydxated line etc* so as to prevent the rej- 
ectioh of poor equality milk, Sich a practice of adding 
neubroiizers to milk is not permitted under the prevention 
of Food Adulteration (PFA) rules, 0355* Therefore'the 
quality of milk has to bo tested by chemical analysis before 
the milk is accepted at the milk collection centres and 
Control Dairy* 

Legally the compositional limits and physico - chemi¬ 
cal properties have been, set for all types of foods under 
the prevention of food Adulteration Buies (PFA rules). Any 
sample of milk, ghee or any other food sold in the maikets 
if it does not satisfy the minimum limits ptcescribed for 

the compo^tion, has to be treated as adulterated, 

* * ^ 

However, it should be borne in mind that incor^jorat- 
icar of certain additives to some of the foods is permitted 
by foof laws up to a prescribed limit for some specific 
objectives of either preserving the food or in^roving the 
physiCO—chemical quality of the product. Addition of these 
additions beyond the permitted levels is also treated as 
adulterati on, 
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Detergents 


Detergents are mixtures of inorganics and drganic• compounds 
made for the purpose of cleaning objects and surfaces. Cleaning 
implies a process of removing dirt and dust-from the material 
being cleaned. To do this they should possess the following 
properties. 

1. Wetting and penetrating power i.e. ability to bring the 
Gleaning solution into Intimate contact with the surface 



to be cleaned, 

2. Emulsifying _povyer i.e. ability to emulsify greases and 
remove dirt and dust. 

3. Sauonlflcation power i.e. ability to sapromfy .fats and 
,olls so that they can be removed from the surface to be 
cleaned, 

4. D_ef.LQ-QOUlating -power and che l ating-., i.e. the ability to 

• ^ ^ - _ ‘ ’ 

keep the insoluble; salbs into solution. 

I ill 


5. Free Rinsabilltv i.e. ability to be removed easily and 

t 

quickly. 

<» — * 

6. Water softener newer i.e, ability to remove the hardness 
of water., 

7. Easy and comulete solubility • • 

8. Non-corrosive on cleaning surfaces of various materials. 

9. Won' - toxic 

r H t f * I 

* ' ' ^ » . i.i I j • 

10. Non - caking and non-dusting in nature. 

11. Low Cost. 

12. Should not be harmful "to skin when to be used for hand 

cleaning. .■ i ' V' 

13. Germicidal properties, i.el' ability to sanitize the surface 

to‘ be cleaned. “ ' ' ' • —- " 

I *, 

14. Long keer)-_nq gUfl'ii tv t . j^ioUld not' d^ompnse during 

sdsorage. ■ 


Sines-no single ’ subs tan C9>i^n.ss,ess til the ;desir able 
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T YPES OF DETERGENTS 
Tvf' cs 

Detergents are generally grouped into four classes of 
compo’unds, The^e, ares 

1. Alkalies 

2. Phosphates and chelating compounds 

3. Wetting agents 

4. Acid.s 

l'. ALKALIES t 


The Important compounds in this category are 

1. Caustic soda (NaOH) 

2. Soda ash (TTagGOg) 

3. Meta Sodium Silicates (NagSiOg) 

4. Meta sodium phosphates (NagPOg) 


The major functions of this group are dirt and dust displs 
cement by emulsifying, saponifying and peptizing, 

2. PBDSPHATBS and CHELA'TCNG fDMPOUMDS 


1 . 


2 . 


Sodium pyrophasphate (Ka^PgO,^) 


Sodium pripolyphosphato 


3 ° 10 ^ 


3. Sodium retraphosphate (NagP^O^g) 

4. Sodium hexametapho sphate (Na POg)^ 

These pyrophosphates are considered, mainly for their viat 
softening capabilities, although they possess emulsification, 
dispersion and rinsing ability to some extent. 

Sodium salts of ethylene diamine tetra aeetio acid and 
salts of certain other organic acids are used for treating 
cilclum and magnesium hardness due to their sequestering hctlo 
3, WETTIEG AGETJTPl 


Wetting agents are three types 
1« .ANlOUnjp (alkyl and aryl sulfonates) Examples 
(a) Sodium dodecyi benzene, sulfhonate 



are t 




■ by sodium dodeoyl sulphate ( 0 ^,,Hgg 0 S 03 Ba) . Ihsy ionise 
In the solutlop (as soap^ does) with the long hydroearbon chain 
carrying a negative charge. 

I 

2 . quarternery ammonium compounds), 
for example i 

fs. > ^ ^ 

I ^ 

•/^_2 ■. ** 

3. NOBglONIC . : (Alkyl aryl ethylene oxide derivatives) 

Examples are 

' c . GHg CGH2 )^q GHg (eSCHg CH2)g OH, 

GH^<^ ^ OGHg GHg OH. 

They do-not ionize ir solution. 

These wetting agents used in m:‘ lute quantities improve 
the -wetting and rinsing ablli ties by formingstable eroulsious and 
dispersions, 

^CIDS : 

Both inorganic and organic acids are used as dilute solut- 
ion {!%) and they are effectl-ye at PH 2.5 or lower. 

Inorganic acids : Nitric acid, phosphoric a#ld. 

Organic acids ; Acetic acid, Hydroxyacetic a*id tartari* acid. 

I 

FQMOI.ATT QN of OTHTFiRGENT NT XP.R s r ■ " 

Generally detergeitnb formulations are of t-wo types : 

1. Alkaline, and 

2, Acidic. 

> ■. <(■ * 

The .basic req-ulrements of alkalinity and acidity are 
\ 

®hpplled by a major compound of alkaline or acid type* 33i,e formu¬ 
lation is further improved by the addition of phosphates/chelating 
ssepts to treat calcium and magne.sl-um hardhesS and^ the 
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HOW DBTERGtBNTS W3RK ? 

Detergents lower the s-urface tansi-on of water and cause th» 

water to wet Ihe surfaces of substances that normally have lltth 

attraction for water*® To' understand this process of cleansing let 

us consider the case of soap as a detergent. The soap tnslecule ' 

is a paraffin-chain salt (C^ Hgg COONa) which consists of two 

parts; a long'^^ydrocarbon chain ending In a carboxylate anion 

^^17 ^35 ©■ salt type group (Na^) attached to the end of 

the chain. The long hydrocarbon chain is insoluble in water but 

soluble in oils. The former Is said to be Chydrophobic’ or water- 

hating and the latter is said to be "hydrophilic” or water-loving, 

The hydrophilic salt group (head) tends to pull the whole molecnle 

into solution, whereas the hydrophobic group (fail) resists this 

tendency. As a result of this sonflictlng tendencies, the hydro-’ 

phllic group is anchored in^the water and the hydrophobic group 

stands as far away from water as possible pro3ectlng upwards in 

0 

the air. The hydrophblc anions do not concentrate at the surface, 
but can escape from the water in a different way, e.g. by grouplnj 
themselves into spherical colloidal particles, Which are known 
as "micelles". The micelles are formed in such a way that the 
hydrophobic tails are in the centres of the spheres as they try ,,! 
to avoid the water (fig.). 



The stirfaoes of .the micelles are formed by the hydrophilic 



GHBMIGAL SMI TI!/. .ftf! 


g fWTTIZATIO N J 

It is the process of reducing microbial load pf, the surface 
to be sanitised to a level considered aafe from public health ppirt 
of view’in terms of destruction of pathogens aflW other micro-organ¬ 
isms, Effective sanitization is possible only if the surface is 
thoroughly cleaned. The various methods employed for sanitization 
hJiplt>o^i:)!lQtl o.f heat, 11) vatravlolet .radiations and 
ill) chemical compounds. There are occasion when application of 
heat and ultraviolet radiations cannot be used since these involves 
infra- structures for steam raising and other equipments. The most 
convenient method of sanitization is the use of chemical compounds 

, r • 

puch as sodium h 3 rpochlori te and bleaching powder which are widely 
\ 

used. Generally 50 to 300 iwailable chlorine is effective 

as a sanitizer. 


1. SODIUM HYPQGHDLORI TE (NaOG^’) 

It is prepared by the electrolysis of sodium chloride 
jsolution in a cell where the chlorine is produced at the anode 
is free to react with sodium hydroKide formed at the cathode,' 
The temperature of the cell is maintained around 300°0^ 


2 uacL 


2 Na + HgO 
2 NaOH Clo 


2 Ea + Cl, 


2 NaDH + 


p?a€l WaDCl + Hg ) 


It is also formed when sodium carbonate is added to a 
suspension of bleaching powder in water. 


CaOGlg + Nag CO 3 


GaOOg + Naci + NgfilCl 


Insoluble calcium carbonate is filtered off. 

Sodium hypochlorite reacts ^wlth dilute Hj/pochlorous 

.■‘iurlng the reaction demon^o'SeS'j'tc yi,_Gld chlorine. 





It is thermally unstable. It decomposes even on standing! 

2 Wg6Gl _ 2 WaCl + Og ^ | 

Sodium hypochlorite is available in the form of solution! 
containing 10 - 12 ^? available chlorine, v?hlch is kept as the stoo^t 
solution to be diluted as required, 

* **< I 

2. Bleaching PoTrfder (Ga&'Glg)’ 

Bleaching powder is obtained by passing dry chlorine over 
dry slaked lime and is usually represented by the formula Ga( 0 Cll)( 
It is considered to be a mixture of .calcium chloride and calcium 
hirpochlorl te. 

Gig CaCOH)^_CaCOCl) G1 HDg 

Bleachin^ powder is a pale yellowish white powder and ^ 
smells strongly of chlorine. It is not completely soluble in vatei 
It is thermally unstable and decomposes by light, atmospheric 
moisture and carbon dioxide. 


6 Ga-O'Clg __ 5 OaClg + Ca( 0103)2 

CaOClg + HgO __ CaCOlDg + Clg _GaClg t 

CaCC10g)g +1^2*^ 


GaOClg + HgO + COg _ GaO^g + Clg + HgO 

AVAILABLE GHLOBTTTO 

On treatment with dilute acids, bleaching powder gives 
whole of dts chlorine which is known as '''AVAILABLE CHLORINE' 
Ga OGlg + Hg SO^-CaSo^ + HgO + Clg 

CaOGlg + 1H61 __ Catslg + HgO + 6lg 


The commercial bleaching powder contains about avallal>l' 
chlorine. Bleaching ^powder is-, •an.ijj^rtant ready source of 


chlorine. 



•vf'' 
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Al^TALYSIS OF WATKR 


Bx*l* determine the total solids content of water: 

‘ I ^ f 

iDparatus: PoJsTcelain dish, water hath, pipette looml, electric 
hot air oven, das'*; teat or, . . 

principle: Non-volatilo dissolved'substances in water are left 
ac a residue on the evaporation of wa'ter, 

procedures Weigh ■ a clean, drj procelain ^evaporating dish 

а. Fllter a sample of water and collect about 150 ml. 

3, Pipotto 100 ml of the filtered water into a 
porcolain dish. 

4, Evaporate on a wa-tor bath till dry, 

5, Wipe tho bottom and heat in an olectrlc oven at 100°0 
for one hour, 

б, nool in a des^-tcator to room temperature and weigh 
accurately. 

7* Repeat heating, cooling and weighing till a constant 
weight is reached. 

r ^ “ 

Observation Si 

1, Weight of the empty pprcolaln dish s xg ' * 

2. Weight of the porcelain dish & residue 
obtained by evaporating 100 ml of water - 

3f Weight of the rosiduo Cy-'X)g 


Calculations: Weight of total soiids ~ (y-a) g 

per ml, of wa'ter 100. 

,1 ^ ^ 

Total solids in parts p^^r million rp.-n.m.>s(y"X)xl06oO00 

. 100 


= (y-x) X 10' 


Conclusion: Tho sample of water 

Contains.. .p,p»m.. of tbtal solids 

IxoroisG PS To dotormine the total hardness in the given 

sample of water, . 

» ' 

MparatuR i Conical fla^, porcelain dish, pipette 100 ml. 

pipG't;to'25 ml, burette, funnel.’ ■ _ 

Sgagon^ Sulphuric acid R/lO and N/^O, sodl'um carbonate 

solution N/lO, Sodium bydroxi'do U/lOj methyl red 
indicator, ^ , 




Prl.nelT)le; The hardnuss of water Is duo to dissolyod s,^ts of 

--^— calrlUBi and magnesium. Hardness is of two kinds - 

temporary and permanent. Temporary hardness is due 
to hicarbonates of calcium and magnesium and can be 
removed by boiling, Permanent hardness is due to 
sulphates and chlorides of celclum and magnesium and 
is not removed by boiling. 


Hardness of watt-r is expressed in terms of calcium 
carbonate equivalent to the amount of different 
soluble salta and can be dot..rminod by titration with 
standard acid. 


Procedure t A. Estimation of Temporary Hardness Reaf'tionsJ 
Ca(HCfi3)2 + HgSO^ __ \ Caffi!04 + HgO 


Mg(HCe3)g + H2SO4 MgSO^COg +. HgO 

1, Pipette 100 ml of filtered water in a 500 ml conical 
flask. 

2* Add a few drops of methyl red indicator. 

3. Titrate with H/50 sulphuric acid till the colour 
changes to rad. 

4. Boll to drive off the carbon dloxido from the 
decomposed carbonates and bicarbonetos. 

5* Kota disappearance of red colour during boiling. 

6* Continue titration w3th the same acid while boiling 

till red colour is permanent. 

7. Hote the amount of total acid required in titration. 

B* Estimation of Permanent Hardness Reactions t 

raS04 + HagCOg ^ CaCOg NagSO^ 

MgS 04 + 2HaOH _ MgC0H)2 + 

1* Pipette 100 ml of water in a porcelain dish, 

A 

i2. Add 12,5ml of H/lo sodium carbonate solution to precipitate 

r calcium as calcium carbonate, 

sodium hydroxide to precipitate magnesium 

as magnes-ium hydroxide. 

4. Evaporate on a water bath tin the solution is almost dry. 

5. Wash the residue with freshly boiled distilled water. 



6 * 


7i 


Fll-t^ar, through a filter paper and wa^h tbo, residua 
with somedlstillod -water and colloct the fllteratb. 


thoTOughly 


Titrate thg filtc'ratc with F/lO sulphuric acid using 
methyl rod indicator. ^ 


8. Repeat thtj proecdura with ioo ml. ,of distilled water for 
blank reading. 


nhaorvationss 


A, Amount of N/60 sulphuric acid used s x ml. 

B. 1. Amount of N/lO sulphuric acid used by lOO ml of 

sample water = y ml. 

2. Amount of N/io sulphuric acid usQd in'blank determinat¬ 
ion =s Z ml. 

3. Amount of N/iO sulphuric acid actually used- for lOO ml 

, of sample water = ( Y-Z) ml. ■ 


Calculations: 

Part - Ai 

■ . K 

1 pi of N/SO' sulphuric acid - 10 parts of calcium carbonate 
‘ , pe-’’ million 


xml of lT/50 r sulphur 1 c acid - 10 
Pctvh -li . 

- \V.,\ A///o ' C 

(l-Z) ml. of IT/10 sulphuric acid 


X X p.p.m* of calcium carbonate 

c» dl -- ,^”0 V 

= (Y-Z) X 50 p.p.m. of 
calcium carbonate 


Total hardness of water = 


(xVlO) ■»- (Y-Z> X 50 p.p.m. of 
calcium carbonate 


Con elusion HI 


The total hardness of gi-ven sample of water is - -p.p.m. of * 

calcium c^arbonato . 

Determination of a-vallnble chlorine in chlorine 
containing sterllizui^s. 

•I » 

i&paratuRt Conical ll.ask 250 ml. burette 50 ml., pipette 20 ml, 
measurings syllnder 26 ml* 


Glacial acetic acid, potassium 
sulphate solution U/lO, starch 


iodide, sodium tvilo- 
sol ution 1'^. 




The sterilisation of equipment^ - is 

hypochlorite or bleachipg .newSsary 

moans of sterlizatio|i,9, Are , P?^ 
to Check the strengtrh^of. ava^able cteiorlne 
Sterillaer to .determine th© ^trei^gth of 





IlaOCl + 2KI -f- 2rH3 nOOH ^ G^IHgCOOK Ig + H^O 

The liberated Iodine Is then titrated against N/io 
Sodium ■fcbiosulphaste* 

ig + auagSg^s_■> ^''^2®4°6 


One molecule of sodium thiosulphate is cq-ulvalont to ore atom 
of iodine or one )&tom of chlorine. Its molecular weight as 
the pentahydrate is 248.2 and N/lO solution contains 24,82g 
per litre. It follows that avoryf.-^- of N/iO solution is 
equivalent to 0.003546 g available chlorine. 


Procedure t 

1, Plpetto Sml of the sample into a 200 ml volumetric fladt • 
and dilute with distilled water to mako the volume upto maA, 


2. Plpetto 50 ml of diluted solution to be tested into a > 
conical flask. 

3. Add 2g of potassium iodide crystals to the solution and 
dlssolvo tbocij followed by lOml of glacial acotic acid. 

4. Free chlorine which is liberated from bypochlorito by tbo 

action of the acid, produces a yollow colour in the sol-utloi 
by liberating an equivalent amount of iodine from the 
potasslm iodide. - 

5. Titrate the mixture against 13/10 sodium thiosulphate until 
the brown colour changes to light straw yellow. 

6. At this stage add'2ml. of one percent starch solution as 
Indicator, contine’titration by addition of thiosulphate 
solution two drops nt a time till the colour disappears. 

7. Repeat the laxperiment to got concordant values. 

^ ’blank’ determination and deduct the approplrato 
figure. ' ^ 

' Ti' 

Observations: 

Record the titre values in the tabular form. 

1. St'rL.ngth of sodium thiosulphate = f x W/lO 


2. Volume of N/io sodium thios-ulphato = vi ml required (after 
deduction for blanks) 

1ml. of N/lO sodium thiosulphate 0.003546g available chlorine 

1 m,. of f X N/io sodium thiosulphate = f X 0*003546g available 

■ , . , chlorine (f“facto,r) 

V ml. of FxN/lo sbdium thlosuLphate--4* vXfx 0.003546 g 

^ available chlorine 

This was co.ntalned in 50 ^ Of diluted solution, 

sample. 3?h'overore avmable'chlorine'.ln 

pScSt. 1006 or V i f X 0.3548 . 



inary sis of Dl-tergont s: 

Tr.Yflr cls 98 To detect the various cbumlcal compounds wMch are the 

— constituents of th'; detergents-used. 

4 ;T%flTatus: Test tubes, water bath, thermometer 0 - liofc. 

- funnels, filter stand. ’ 

flftflpents: Hydrochloric acid, nitirc acid (dilute) oxalic add. 

■—*- 10^ ammonium molybiln^-LSolution, 0»C)5% Bonsidine 

solution, sodium accetnto solution, chloroform, sodium 
chlorjdo, Bromophcnol blue, methyl rad, clear lime 
water. 

princinl'ei Alkali detergents used in thedea^ning and wsshlng 
operations include cuastic soda, sodium carbonate, 
sodiimi mot a Silicates, Tri-sodium'phosphoate and 
synthetics like teepol, acinol, aloebol, cot avion, 
calgon etc. Those doti^rgonts contain chcmic^ compounds 
which can bo dotcctqd by thoir characteristics 
i reactions* 

Procedure: Prepare a 1 percent solution of the detergent in 
; distilled water and carry out tho following tests: 

2* Take about 10 ml of the above solution in a tost tube. 


3. 


4. 



5. 



7. 

8 . 


Carbonabes and bicarbonntosi Add about 5 ml of dilute 
hydrochloric acid* Brisk offervosconce. The evolved 
gas, when passed through clear lime water, turning 
lime water mJlky i’ldicctos tho presence of carbonate. 


Pho sTDhatcs: Add nitirc acid to another 10 ml of the 
samplo in a test tube, heat to boiling arid cool. Add 
ami'noni'um molybdate solution and heat to 60 C. Yellow 
precipitate indicates phosphates, , 

Silicates : Filter the solution from the test tube in 
step 4, Sdd a little oxalic acid to the flitrat-p. Md 
a drop of 0.05 percent benzidine and a little sodium 
acetate solution* A blue colour indicates slllc-^tos* 


3oa 


L-ps? Take another 10ml of the detfergont solution in 
a-; uest tube-'. Acidify with dilute, hydrochloric , 

Using motbyi red indicator and boil separation of fat y 
acids layer on top indicates presence., of 
d.-'tergent s, (silica may also separa-te in this ves }» 

Synthetics; Remove the fatty acids from the test in 
ep 6 , 'bjT"filtration, SKlsk® solution violently* A 
froth indicates synthetics. 

Quarternary bases: Add 

bromophenol blue to the test solution ® P 
blue chloroform layer indicates a quenterna y 
ammonium base* 


Exercl 


To estimate'tho quantity 
carbonate ita e deterger^t, 

• V; „ 1,1, / 


of caustic soda Ahd sodium 

‘ t" ‘ 1 , 'I ** t' ' f \ 

' -i,. 1 ’• ; ”! iV, ■' '' T- 



‘ 


Apparatus i 


Pipette 50 ml, 10 ml, 
coniral flask-250 ml, 


5 ml. burette 50x1/10 ml 
volTJmetr^ c flai^-2S0 ml,’ 




Reagents! Sulphuric acid F/lO, phcnolphth'alcin indioator-O.s^ 

sol ution, methyl organge indicator -O.S'? solutioti;;* i 


Procedure! 

-lii Weigh‘ accutatdly one gram of the dotorgent and 

dissolve in distilled -water and’transfer quatttitativdi 
into 250 ml volumetric flask and make up t'ho vo1ijib@, ' 
upto the mark with distilled -wator and mix -well* 


2* ' -Pipette 50 ml of tho,^lutlon to a 250 ml coni^Ei 

flask. *' ' 

3, Add a few drops of phcnolphthalCLln indicator, 

4, Titrate against N/10 sulphuric acid .till the pink 
colour is,dl,scharged. Note the volume of acid used 
( A ml )■* ■ 


5. ■ To the same solution add now a few drops of methyl 

orange indicator. 

6, Continue to titrate with N/IO sulphuric add until 

a slight pink colour■ appears. The volume of add used 
■ in this second tlbration is noted ( B ml.) ' . 

7* Repeat the experiment to get concordant results. 

Observations : 

Record the, tltre readings for A and B In the tabular 
-form. 

^ * 1 

Calculations ! , ’ , * 

' ^ 

Percentage of free caustic =* (A-B>x0.4 


Percentage of total alkali = CA-»-B> X 0.4 (in terms of carbonate) 

percentage of carbonate alkalinity = 2B'X 0.53 
Conclusion I , , , , . 

The quantities of caustic soda and sodi-um carbonate 
in the detergent ate 1,__ ' ‘ ' 




nf SOUKS important solvents 

w * JTj, ii 111 Hi ifti ^ a I W4 
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Tte solvents which are most commonly used in the 
laboratories and industrios Include the follbwingsj 


(a) Methyl alcohol 
(h) Ethyl alcohol 

(c) Bityl j\lcohol 

(d) imyl alcohols 

(2) Ethers 

(a) Diethyl othor (solvent other) 
(h) petroloum othor 

(3) chloroform 

I 

I 

(4) Hesano' 


(6) BJnzcno 



' ' 

in alcoJiol is a compoiind that don tains ono or more 
hydroxyl groupj iiO. alcohols aro hydroxy dorivativos bf the ; 
alkalios,' ihoir General foitoula con hs written as c^H 2 n+l^^j, 

or R oH, 

rain aTT CJHo CJHo 0*11 

Examples are* CH 3 Oh 

Methyl a Icohol Ethyl alcohol 

Hydroxyl group (— OH) Is the flinctional group of alcohols. 

Alcohols are classfiod acoording to tho number'of hydroxyl 


groups present. 

For example} 

f* 

( i) Monohydric alcohols contain ono __i OH group'' 

(ii) Dihydric alcohols contain two-*—.——_- OH groups 

C iii) Trihydric alcohols contann throo ———————^ OH groups 

(iv) Polyhydric alcohols contain four—_-'oH groups 


Methyl alcohol (GffigPH) j Ethyl alcohol (Cg Hg OH) 
propyl alcohol (03 H 7 OH), Batyl alcohol 

C G 4 Hg OH) etc, are the examples of monohydric alcohols. The 
monohydric alcohols form r homologous sorios with tho general 
formula eng H^n+l oH, 

Monohydric alcohols aro lUrther dassfied as primary ( 1 °), 
secondary (2 or tertiary. 

ca) in prinaiy alcohols, tho hydroxyl i»arlng carton Is attachsd T 
one othor cartonaten. ftcy ha™ straight chain formula. 

(h) secondary alcohols, the hydroxyl hearing carton Is attached 

to two othor carbon atoms, Thev haTrn ■hY.r.v, u j , 

ey nave branched chain formula, 

Cc) In tertiary al alcohols. tho htrri t ^ 

r ^ bearing carbon is attached 

to three other carbon atoms. Thmv 

Il^Qy also have branched chain formula. 
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©caEiples of prinaryj secrndary eind tertiary alcohols are 
given helow; 


General 

foidula 


Speciflo 

jxanple 


primary 

Secondary 

Tertiary 

R-CH^OH 

Oii* OH 

1 

-11 • 


R 1 

R - 0 - oH 

CHgCHgCHg-OH 

CH« Cli-OH 
^ 1 

11 

R 

CH3 

1 

0H3 

' 1 

CH~. 0 -oH. 

1 


CH 3 

CH3 

n“ propyl aloohd 

lao ►. propyl 

t « bjjjbyl 

• alcohol 

alcohol 


Methyl alcohol CCHgOH) 

It is also known as Methanol or Car bind, wood alcohol or 
wood spirit. It is the siaplost possible representative of the 
aloohoi class. 

The nethanellcan be manufactured In three ways • 


(i) From Methane! By oxidation of methane with limited amount 
of oxygen. 


(X ^ 


di'i From water Gas, ijater gas is a mixture of carbon monoxide 
and hydrogen. It is obtained by passing steam over red 
hot ^oke* ' 


C + H20 1300*^0 CG + H2 (water-‘gas mixture) 

The water gas is mixed "‘with more hydrogen and passed over a 
heated catalyst of'zinc and chrpmlum oxides. 


ce + 2H2 


2P0 ' + 03^03 
300° tJ, 300 ( 3 ^, 


CH3 6H 


- • 



(iii) From pyToligp_eous ^ Jgjig:. 

pyroligneous aoM is olDtalned from tilie doatructivo, 

distilia-tlon of wood. It contains methanol, acotone and^acjetic 
acii and all tho three compounds can to ohtainod ty suitatio 
treatment. It was this nothod, which gavo rise to the name 
‘wood spirit’ for mothanol. 

Methanol is a colourless, inflammatlo liquid} "boiling 
point 64 ^ 0 ^ and is poisonous. It is miscitlQ with, most organic 
solvents. It turns with a faintly luminous flame, and its 
vapour forms explosive mixtures with air or oxygon when ignited. 

Mothanol is used as a sovont for many purposes o.g, 
paints, varnishes, celHulcid cement etc,, in tho manufacture ^ 
of dyes , perftimGs fomoldehyde etc. It is also used for making 
methylated spirit and auto motile antifreeze mixtures.' Methy¬ 
lated sprit Is denatlurod ethyl alcohol -i.e, methanol is added 
to ethyl alcohol to denature it and render it unfit for drink- 

i 

Ing purposes, 

B'bhyl alcohol (O 2 H 5 OH) 


Ethyl alcohol is also known as Ethanol and is commonly 
called ’alcohol' for all purposes%_ 

Ethyl alcohol can te manufactured in the following ways, 
1, From Ethylene i There are two waysj 

Ca) Stlphuric acid process . Ethylene is treated with 
cone, 

o 

at 75 C to give ethyl hydrogen sulphate which is • 
then hydrolysed with water to give ethyl alcohol. 


GH2 - 


H2S04 


^"^6^0-HSD4- GHgCHg'W 

ethyl alcohol + H2 go4 

Cb) E ho s-E^J ^^ a ^ qid proco ss^-Ethylene is treated with 
’^tor in tl :;9 .il?Qsencc cf ph^spher:to acid-.. 
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2;._ Fpom 'molasses (By ferraentatit^n) 

Molassos Ig the mother liq[uor left after the 'crystallL. 

satlon of; cane sugar from concontratod juice i.e* molafeses is 

ottainod ag "by product from su^r industry. It is dark coloured 
., . U. 

thick syrpyma^s. Molasses contains about 6o^ itermentable sugars, 
mostly sucrose, glucose, and fructose. Molasses is converted 
into ethyl alcohol through the process d'f fermentation with two 
yeast enzymes (Ihvertage and ^ymaso) aS shown in the following 
steps. 

ihCcrlt- JvU(cCoJ'5- 


s 






^ ZC/'f^CZ/ipH -f- 2-<^02. 


3 


^^^SS^ arch (B^ fermentation . 

The tnportant raw matorlala omtatalng etoroh are potatoes, 
rtoe, wheat, tarloy. iho raw oatorial o.g. wheat or tarley, 
la mashed with hot water, and then boated with malt (gennlnated 
terley) at 6o°C for 1 hour. Milt contains the ensyno diastase 
which by hydrolysis, converts starch Into tho sugar called maltose. 

2(CgHj^gCgn * "®2P Diastase nqi2H220li 

Maltose 

The ll^id Is then cooled to 30?c and ftrmontod with yoast 
• for 1=3 days. Bio yoast used oontalns various enzymaa, amohg which 
are maltase cmd zymase. Maltage onzyne converts maltose into glu¬ 
cose and zymasG onzyme converts glucose into ethanol: 


^ 2 ^ 220ll + ^2 0 2 ^ 6%^6 


^ 6 ^ 2 ° 6 -- ^ SCgHgOH + OD. 



/ 
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\ 

The carton dioxide Is recovered and sold as a ty product, 
Iha fomented ilquorcr { >vort. which contatos 6.10 percent c ' 

ethanol and some other compounds, is fractionated tato three 

/ , ' 

) _ ' 

'fractions} 

ij ji^st fraction yhicb- consists irfainly of ac^ 

' , taldehyde* 

ii) second fraction Rectified spirit — which 

is 93 - 95 percent w/w ethanol, 

iii) Final fraction —— also called fusel oil ———« 
which contains n-propyl, n-hutyl, 
isohityl, n-a myl, iso amyl and »active< amyl alcohol, 

industrial alcohol is ordinary rectified spirit, 

1 » ' 

I 

Methylated spirit is of Wo kinds* 
a) Mineralised methylated spirit j which is 90^ recti,, 
fled spirit, 9^methanol and 1^ petroleum oil, and 
a purple dye. 

Industrial methylated. Spirit* 

which is 95^ rectified spirit and 5;^ methanol whose 

prpose is to denaturo tho rectified spirit. 





Denatured, ^cohal 


Denatured alcohol is a..commercial alcohol to which 
small amounts of poisonous subs tan cos (such as methyl alGO.hol 
or pyridine) have been added. This is done to make it unfit 
for human consumption,^ 

^ b|SGluto Alcohal 

A’bsolute alcohol is 100^ pure ethyl alcohol. It can 
be prepared from rectified spirit (commercial alcohol) which 
is a mixture of 9S.95jg ethyl alcohol and 5,7^ water. This 
mixture can not be separated by further distillation. 

Absolute alcohol (water-froo ethyl alcohol) is obtained 
as follow: 

ijiick lime (cao) is added to the commercial alcohol. 

The mixture is refluxed for eight hours. It is then disti¬ 
lled to give absolute alcohol, 

OH3 CH^H + + cao -^ CHgCHgOH + Ca(0H)2 

93 - 955 ? 6 . 7 ^ 100 ^ 

, Proportlos of othanQl , 

Ethanol is a colourloss, Inflamruable liquid. It has 
boiling point of 78,1*^0, and has charactoristic odor. It is 
miscible with w ater in all proportions, and is also miscible 
with most of the organic solvents. 

Ethyl alcohol is mainly used , 

(i) As an important boverago, 

*' (ii) IS-a fuel In spirit lamps. 

/(iii) As' a solvent for dyos, drugs, tinctures, paints, 

. . vam-ishes etc, 

t 

(iv) ji.s a preservativG for biological specimons, 

(v)'m scientific apparatus like thermometers and spirit 
levels. 


^ » * 



' ^ qa- 

(vl) A3 a starting material for the preparation of ether, 

chloroformj iodoform^ acetalrlohyde and ethyl ehlorido, 

^vii) AP important rec.ctlon medium and extracting solvent* 
in organic cbomistry. 

Butyl alcohol - C *^4^9^ 

Butyl alcohol has 'four isomers • 

(i) Normal Butyl alcohol - 0H2( 0112)2 CH^OH 

(ii) secondary Butyl alcohol - OH^ CH^ CH(OH) CH^ 

(iii) ISO-butyl alcohol — 

(iv) Tertiary butyl alcohol *- (GHg)^ C - OH 

Butyl alcohol is a colourloss licjuid with a characteristic 
odcfur. It is moderately soluble in water, and miscible with 
alcohol or ether. 

It is obtained when starch and sugars are feiroented with 
a a'pecial bacillus. It is also produced synthetically. 

It is widely used as a solvent. 


■Amyl alcohols 

Eight isomers are possible • 


1 . 


3, 


4. 

5. 

6 . 


CHgCHgCHgCHg OHgOH - n - amyl alcohol or pontan-l-ol, 

n-pontonol boil point (bip.) -138°C 


2», ^^2 ^^ 2 ^^ ** amyl alcohol or iso-pcntanol, 

b.p, 130° C. 

CH 2 OH 2 0 H(CH 2 ) GH 2 PH- 1 active* - amyl alcohol or 2-no thy 1 

butan-l-ol, 
b.p. 128° G, 


(GHg )3 0 CHgpH - neopontyl alcohol, b.p. 113°G. 

GH 3 OHg GHg CH (oH)GH 3 ^ pontan- 2 -ol, b.p. 120°0. 

GHgCHg OHCoH) GHgCH^ - pen tan- 3 -ol, b.p, 117° G, 

7. ( 033)2 OS (OH) OH 3 ,- 3- methyl butan-2-oli b.p, 114°C 

^^^3^2 0(0H) OHg OHg „ 2 mothyl butan 2Uq1, 

' , ^ or t *-• amyl a'lcjohol or t-pentanol 


•r lu 
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iUayl alcohols arc isolated £roEi fliscl oll#^ ilpiong thoso 
iso-amyl—alcohol predominates. These amyl alcoi^ols are 
widely used as solvents. 

Use of iso-amyl alcohol; in the dairy Industry 

h 

Iso-amyl alcohol CGH3—CU2_CH^H) is very often 

CM3 

used in the dairy industry for the estimation of fat "by 
the most cpmmon volume.tric method called Ger'ber methods*,* 

This method is "based upon the principle that when a definite 
quantity of Gorher sulphuric acid and iso-amyl alcohol aro 
added to a definite volumo of milk, tho proteins will ho 
dissolved and the fht globules will bo set free which remains 
in the liquid state due to hoat produced by the acid, on c .* j 
contrifugation fat being lighter will bo separated on the 
top of the solution. In this method, addition of small 
amounts of amyl alcohol helps in tho separation of fat, 

piothyl Ether 

Bthersi 

The general formula of tho others is CtiH 2 n +2 0 (which 
is the same as that for tho monohydric alcohols). 

Their general structure is R- 0 -R. When tho two alkyl 
(R) groups in an other aro the same, the other is said to bo 
symmetrical dr simple, e,g. , dimethyl other, CCH3-0-CH3, and 
diothyl othor, G2H5" 0-02H5* llhon tho tvm alkyl groups aro 
different, the o'their is said bo be unsymmotrical or mixed o,g, 
ethyl methyl ether, CH3- 0-C2Hg, 

Ethers can bo named in two ways; 

C 1 ) Common sya tem 

The two alkyl groups attached to the oxygen atom are 
named in alphabetic order and -tho word ether is added,. If 
the groups are same (R-o-R) » th(^ the profix di-is used. 



GHgO GHg 

CHgGH2C!H3 

C1H3GEI^CH2CH3 


DinothyL othor 
Etyl me thyl o tlie r 
DlQthyl other 


b ' 

C 2) I TJ P A C s ygton 

m this systom, others aro nanos as j^lkoxyallcancs, 
Iho smaller alkyl group with tho oxygon atom is oallod an 
s^lkoxy suhstitaent. 


ei-o 

Mq thoxy I o/- C )-i — C Hj 


2 -methoxy propane 


Ethoxy 

I - ^ ^ 

- Cl'f — CiV-j, —C 2 ^. Ethoxyhatano 

I 

mong the difforont ethors, diethyl othpr has the maximum 

<k ' 

appliestlxrn in many fields. It is also called solvent ether, 
proper tie 3 of T)leth v1__R-htvvp 

Dlst^iyl ether Is a colourless, volatile and pleasant 
smelling liquid, its boiling point is 34 , 6 °C. It is fairly 
soluble m water, and is miscito with ethanol in all proportions. 
It is highly Inflammable, on exposure to sunlight ahd air, it 
forms explosive , mixture (peroxides) duo to oxidation. 


CHjCHv-O-CH^cIV^+O^ CfTj _4 x-o 


Lie thyl e tho r 


peroxide gf diethyl 
ether. 


, lhl0 1. a graat diaadvantago to Ita usd as an tadustrlA] 
far oUa, fats otc. Oxidation of this' typo o^n' ^ aycjdc 

by Btorlflg otters ta dafle, «u_aoaldd tottios, ' ' 

Dlathyi otter Is lighter than water, ther la L. 

in ■.nature as 



such- the dipole moment of one G-o bond does not cancel 
out the dipole moment of the other bond. The result is 
that an other molecule possess a small not dipole moment. 

Tho molecule posses a 
not dipole moment. 

The weak polarity of ethers does not, however, affect 
their boiling points significantly. 

The fair amount of solubility of hs^drogen bonds between 
water and ether molecules. 



Pees of Diethyl other 

Diethyl other is by ftir i^h: most useful of all othors. 
It is used t 

Ci) As ^n industrial solvent for oHs, ftits, gums etc., and 
as an extracting solvent, 

( ii) jfts a refrigerant 

( iii) AS a general anaesthetic in surgery, 

(iv) AS a usual solvent for many roactions. 


potroloum ether 

petroleum other also called Lig- roin, is a term used for 
11 4*> boiling petroleum solvent. 


petroleum ? 

Petroleum (crude oil) is a black oHy liquid found under¬ 
ground in porous rocks. It csonsists of alkanes, mainly in tho 
Gg - r®3gG , with small amounts of cycloalkanos, aromatic 


Hydrocarbons, and'compounds 


con ta in in,g n itro«/.sukphur,' and 



oxygen, potroiem is tolievod to have tesn fowd over a 

\ I 

period of millions of years "by liict(3rin.l do composition 


of marino plants and animals* 

# 

"' tK)lGUH ethor is a fraction ol3tai:iGd from the fractional 
P® 

distillation of petroleum (crado oil), Ibo composition of 


petroleum other, In which hydrocartons from hutane to octane 
predominate, varios with tho boiling point* m gonoral, tho 

i « , 

grades sold are thoso boiling at ^ 60^0, 60 - 80°C, 80 - loo^ 

e'etc. It is used as a solvent, particularly for fatty matort 

/ 

t, 

als, !ChG term petioleum banzine is also sometimes used for 
petroleum ether which means this class of solvent, but tho 

I 

tem is sometimes more broadly used to includo loas volatile, 

, . ' 

solvents, it is a confusing te rm which is no longer used in¬ 
dustrially, 
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Ghloroform (CHJl ^) 


Chloroform comas under the category of compounds called 
dlkyl Halides, 

Alkjf. halides are those compound vjhich contain carbon-ha¬ 
logen bonds. Their general formula Is R-X where R- Alkyl group 
and X-Gl, Br, I or P. Examples are s 

GHgBr Methyl bromide 


CHgCHgl Ethyl Iodide 
GHgCHgCHgCl n - propyl chloride 


CHGl. 


Chloroform or Trichloro methane 


Alkyl halides may be classified as primary ( 1 °), Secondary 
^), qr terhary (-3°), depending upon whether the halogen atom Is 
ided to a primary, secondary, or tertiary 5 arbon, 


Primary 

Carbon 

\ ^ 


11 ' Alkyl halide 


Secondary 

Carbon 

\ /■ ' 
«-c - ^ 


2 °Alkyl Halide 


Tertiary 
Carbon ^ 

^ (L " 

3 ° Alkyl, halide 


These halogen derivatives of alkanp.s i.e. alkyl halides are 
:her classified depending upon th? number of halogen atoms 
lent In the molecules,, as follows : - 

Mono halogen derivhtlye^ : ’ Containing one halpgen, atom 
Examples : CgHgC^ Ethyl, chloride 

CHgCHBr CHg iso ptopyl-‘bromide- 

Dihaloeenderlvatiy^ : Con tainirig' two’halogen atoms. 


Examples 


Gi^CHBrg ethylldene dibromide 
CHoGCloGI^a iso propyltdene dichloride ■ 

Ty^3j. ’ ■> ^ *' o' J 



oxygon, potroleum is ‘beliovod to have Tooen fomod over a 
poTlod of millions of years hy thG tacterial'decomposition 
of narlno plants and animals, 

* 

petmlomn other is a fraction ottainod frdm the fractional 
distillation of potroleum (crude oil), [iho composition of 
petroloum othor, in which hydrocarbons from Txitane to octane 
predominate, varies with tho bnHing point, m gonoral, tho 
grades sold are those boiling at 40 ^ 60°C, 6o - 80°C, 80 - 100° 
0 etc. It is used as a solvent, particularly for fatty matori* 
als. The term petroleum banzine is also sometimes used for 
petroleum ether which means this class of solvent, but the 
term is sometimes more broadly used to include leas volatile, 
solvents, it is a confusing te rm which is no longer used in¬ 
dustrially. 
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Ghloroform (GHJl ^) 


Chloroform comes under the category of compounds called 
alkyl Halides. 

Alkjl. halides are those compound which contain carbon—ha¬ 
logen bonds. Their general formiila is R-X where R- Alkyl group 
and X-Cl, Br, I or F. Examples are : 

GHgBr Me thyl broml de 
GHgGHgl Ethyl Iodide 
GHgGHgGHgCl n - propyl chloride 
GHClg Chloroform or Trichloro methane 

Alkyl halides may be classified as primary (1°), Secondary 
C2°), pr terhary (3°), depending upon whether the halogen atom is 
bonded to a primary, secondary, or tertiary carbon. 


Primary 

Carbon 

n V 

is —’C — ^ 

I 

•H 


Secondary 

Carb'/n 

'i, /■ ' 

H 


Tertiary 
Carbon ^ 

y -c-7^ 
L '' 


li' Alkyl halide 


2°Alkyl Halide 


3° Alkyl, halide 


These halogen derivatives of alkanes l.e. alkyl halides are 
further classified depending upon the number of halogen atoms 
present in the molecules, as follows : 


( 1 ) 


(li) 


Mono halogen derivatives : ' Containing one halpgen, atom. 
Examples : CgH^C^ Ethyl chloride 

GHgGHBr GH^ iso propyl •bromide 


t^hflingen derivatives : Con tainlng two halogen atoms. 
Examples : 

CHgCHBrg ethylidene dlbromide 
CHgCClgGlfg iso propylidene dlchloride 

' ^ ' •* r 

GHgGl GHgCl ethylene dichloride. 



(iil) 'Irlhalogen derivatives : Containing three haloatoms i " i-, 
Examples : 

CHClg Chloroform (Trlchlore methane) 

GHBrg Bromoform 

CHIg Iodoform 

Civ) Tetra hale gen derivatives s Containing four halogen atoms.' " 
Example : CCl^ Carbon tetrachloride ; 

GHGlgCHGlg Tetra chlore ethane 'i 

1 i 

As explained above, chlorSorm is a example of Trihalogen ^ 
derivative of alkyl halides. Among the various alkyjr halides, : 

Chloroform is by far the most In^jortant which has many uses. ' 


Properties of Chloroform ,v 

Chloroform is a colourless liquid with a characters tip ^ 
sweetish odour* When its vapour is Inhaled, if causes unconsci¬ 
ousness. It is stlghtly soluble invater,"’ and miscible with .Ic-h''! 
alcohol or ether. Its boiling point is 61°C. 

I 

Chloroform is non-inflammable, but the vapour in contact 
with flame or with air in presence of light form an oxidation 
product l.e. Carbonyl chloride (ODClg) also called phoxgene. 
Phosgene is both irritating and polsnous, q 

To prevent the formation of phosgene the ckloroform should 
be stored in dark bottles and tightly closed. •' 

Uses of chlorqform. 

(1) As a general anaesthetic, although its use fo-r this purpose 

is being discarded because of its bad effect on the heart? 

(2) As a solvent for rats, waxes, resins etc. 

(3) As a labora'tory reagent 

(4) Ab a preservative for anatomical speclmei*»ts., 

(5) In med|.clnes 

(6) In the preparation of ohloro^jlCrlit vrhlch,,l‘3‘ used as an' ^ 

lnsectX9^f,^f^;;r 





Hexan e 


Hexane belongs to a group of compounds known as ALK.AWES. 
Alkanes are hydrocarbons that contain only single bonds. They 
can be represented by the general formula CnH^+S, where n is 

fl 

the number of carbon atoms in the molecule. 

Examples are : 

GH^ - Methane , CH3 CH^ - Ethane 

CHg CHg CH3 - Prepane, 

CHg CHg GHg GHg GHg CHg - Hexane etc. 

Hydrocarbons or alkanes are drived from petroleum and have 
only carbon and hydrogen. ALkahes are also called paraffins 
(Latin parum afflns - little affinity). This is because they 
contain strong ^ - G bond and - H bonds and are not very 
reactive. 

The first four meiabers ''f the .-U-kane homologous series are 
called by their common names C^ivlal names) : methane, ethane, 
propane, and butane. The name of larger alkanes are derived 
from the Greek prefixes that indicate the number of Carbon’atoms 
in the molecule. Thus pentane has five carbons, hexane has six, 
and so forth. Their systematic names are given on the basis of 
IIIPAC (International Union of Pure and iipplied Chemistry)* system. 

The first five members of the alkanes series i.e, methane, 
ethane, propane butane & pentanes occur in nature in the natural 
and petroleum gas form. While Hexane and other higher alkanes 
exist in the solvent form. 

Hexane is one of the important alkane and as explained 
earlier it is derived from petroleum by the fractional disti¬ 
llation. It is a colourlt-ss liquid. It is'widely used as a 
Solvent for extraction of fat etc. in the laborot; ories and 
Industries. 
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Benzene - Gq H^- 

Benzene, also called Benzol, is the ,simplest of the 
common cyclic or aromatic hydrocarbons. 

1 /lhat are a^Smatic hj ’rocarbons ? 

Early in the de^telopment of organic Chemistry, organic 
compounds were arbitrarily^ classified as either aliphatic or 
aromatic. The aliphatic compounds were so named because the 
first members of this class to be studied were the fatty acids. 
There terms aliphatic is now reserved for any compound that has 
an open-chain structure. 

In addition to the aliphatic compounds, there was a large 
number of compounds which were obtained from natural sources, 
e.g. resins j balsams,' aromatic* oils, etc., which comprised a 
group of compounds whose structures were unknown but had one 
thing in common a pleasant odoior. Thus these compounds were 
arbitarily known as aromatic (Greek t aroma fragrant smell). 
Careful examination of these compounds 'showed that they contained 
a higher,percentage of o-noT lhan ‘•‘he ooix’espending aliphatic 
hydrocarbons, anu that mostof thg si.- le aromatic compounds 
contained at least six carbon arems. Further more, it was shovm 
that when aromatic compounds were subjected to various methods 
of treatment, they often produced benzene or a derivative of 
benzene. , • 

Benzene is also known as 'phene* & has the following 
structure j 



Benzene CG’ 0 Hg) 


Benzene is obtained by in the destructive distillation 
of Coal hy the refractionation of Goal - tar distillate,; .follow¬ 
ed by purification. Apart j.rcTr' this, benzone can also be prepared^ 
In the laborato-r '3 by different metJlic"*s, ■ . “ 


■‘I »A nLln'" 



properties and uses of Benzene 


Benzene Is a colourless, volatile liquid -with a peculiar 
smell. It is inflammable, burntT'a with a smoky flame due to the 
high carbon content. It is Insoluble in water but miscible with 
alcohol or ether. The structure of benezen (Cgl^) suggests that 
is a highly unsaturated compound. 

jt is a very good solvent forfats, resins, sulphur, 
iodine, etc., and is used in dry cleaning. It is also used as 
a motor fuel ('benzol') and for the manufacture of nitrobenzene, 
dyes, drugs, etc. 
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Prepa-ratiOK. of Gommaa Laboratory reaggat.a 


1) Aaetic Asld Solutioti (Aatirox. 


Glaoiai acfeicaoid is approsdTiiately ITIT. ULlute 1 part of 
acid with 2 parts of water. This solution will he approximately 0J. 

2) Alcohol >- llizarin solution 

Itssol-ve 0.2 gm of ali^arii?powder in IDO ml of 75 per c^t 
ethyl alcohol, 

3) Ammonium Acetate eolution (A-porox.SHV 

i) Its solve 231 gm of‘ammcnium acetate in l litre of water 
or (ii) Dilute 300 ml of cone, acetl'h acid with 300 ml distilled 
water snd neutralize with ccaac, ammonia and dilute to 1 litre. 

4) ' j^monium Oarhociate (Anorox^ 

Dissolve 200 gp of solid ammonium carbonate in 36o ml of 
ammoniura'hydroxide end dilute to 1 litre with distiHed water, 

5) Aamaniup hydroxide solution (Armro-y. 6!iT'i 

Gone, ammonia is about 16 1, Dilute 2 parts of cone, ammonia 
with 3 parts of water, 4Dhe solution is approximately 6 1, 

» s ' , I 

6 Ammonium Molybdate 

Dissolve 50 gm of 85 molybdic acid in 120 ml of water 
end 70 ml of ammonium hydroxide, lilter, Add 30 ml of cone nitric 
acid and cool. Add the solution with constant birring to a mixture 
of 200 ml of Gone, nitric acid and 480 ml of water. Filter the 
solution before use, 

'7) Amacniun oxalate (0.51 Holutlcm) 

Dissolve 35 ga of aumoniun oxalate in distilled water and 
make up to 1 litre. 

8) Barium Cblo.iid.e (11 solutiring 


Dissolve 122 gm of crystalline bariun chloride in distillsd 

) 

wat er ahd make up to 1 lit]?e, 

9) Oupric sale hate (O'Ri. 

\g! 






1®) Ferric chlorldG (5 IT solutidTi^ t . - 

270 gp. of ferric chloride are dissolve per litre of solution, 
with, sufficioat quantity of cone. Hca. to prevcSit hydrolysis. 

11) Fehllua's Solution 

Fehling'g solution is nado by nixLng equal amounts of 
FehUng JL eaad Fohling B. 

a) Fehling A is copper sulphate solution. Ussolve 34.369 
gn of crystalline copper sulphate (Gu30^. 5H^) in distilled 
water and dilute to 500 ml and filter through prepared asboatos. 

b) Fehllng B Solution 

Fehling B is the alkaline soluticn of sodium potassium 
tartrate (Rochelle salt). lissolve 173.0 go of Rochelle salt in 
about 300 ml of distilled water. In another beaker dissolve 
60 gD of 'sodium bydrooddo in ab.jut JDO ml of distilled water. 

Mix the two solution .nd make up the volume to 500 ml with distilled 
waterj allow to stand for 2 days and filter through prepared 
asbestos. ♦ 

12) Hydrochloric acid (Approx. 

Gone, HOI is about 12 H. M-lute 1 litre of cone, HCEL with 
distilled water and make up to 6 litres to get 2’’®. 

13) Iodine soluticn (O.QlH soluticsn) 

RLssoive 1.3 g of iodine in distilled water with sufficient 
quantity of potassium iodide and moke up to l litre, 

14) Mercuric Chloride solution (0.4 H solutian") 

Ussolve 54 gn of mercuric chloride in distilled water 

and make up to 1 litre, 

15) Mercuric Nitrate 

Bissjlve 10 gm crystallnic mercuric nitrate per 100 ml of 
distilled' water and all 1 ml of C'Onc, nit'ic acid. 

16) Hitric Acid ^Ancroxluatelv 3 R) Solution 

0onc<3it rated hi trio acid is approx. 15 H. Bilute cone, acid 




17) £q t^ssluQ _ OhraQ_gt.a _53liLtL^ 

" 5 aqueous soluijioin., 

18 ) S.o_taaalup Xo ai de..( S aolutlcaa) 

Iftssolve l 66 gm of potassium iodide in distilled water end 
maisie up.to 1 litre, 

19) ' Dissolve 9,7- gm of potassium thiooyd 0 .ate in distilled water 

and make up to litre. 

Resanlline Acetate (Aqueous Solution') 

Solution A (stock solution) 

i) Dissolve 0,12 gm of rosaniline acetate in ejjproxiamtely 
50 ml of ethyl, alcohol (95-85 ) containing 0.5 ml of facial a 
oetic acid} make up to lOO ml with ethyl alcohol. 

Solution B (woifking solution) 

il) Dilute 1 ml of solution A to 500 ml with a mixture of ethyl 
alcohol (95-^96 ) jsnd distilled water in equal proportions 
hy volume. 

Note : - Solution A ond B sb.ould he stored in dark bottles securely 
stoppered with rubber bun^s. 

. SJ-ilygy Nitrat e (O . l N BOlutian'^ 

Dissolve 15.8 gm of silvornitrate in dist. water and make 
Up to 1 litre. 


22) jSo ^um , . Qq.r . 'banq , t .q_ (jL.I. solution'I 

Dissolve 159 0 n of crystalline sodium oarbanato in distilled 
water and make up to i litre, 

^Q-^um -D ho so hat R H Q soln ti nn ) 

lis olve 10 ©n of crystalline disodlum mcnohydrogsn phospb-ate 
"24) d .mercua;’! n pi t rat e aolu-W on 

Dissolve mercury irx twice its weight of' strong nitric' acid 

and dilute with an equal volume of distilled water. 

* ' '' 

25) M^ercun c i odi do sol u ti a-n ' ' ■ ^ -h 


Dissolve 33.2 gm potassium.iodide md IS .5 ^ of mercuric 
chloride in 20 ml ot glaci al acotio 


.'■ys 
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The following format is EUgfosted for the develcj^ment 
of Fitmcti^nal material, 

1, Ihtroduoticn t £3oiiig general Information about the nature 
of vocation, its need and status, the potentiality 
of its expansion in our country, relationship with 
acadciaic disciplines especially chemistry will be 
provided here, 

g, Chsmistry content nscce&ary for the vocation concerned 

will be spelt out theory as well as t raotical) and 
' its distribution amongst chapters would be shown. 

Time allocation for covering this oentent will also 


3. 


be suc£«3tcj, 

For the development of each chapter the following 
sections are suggested t 

a) Overview t It would indicate in brief the coverage 
of chemistry content of the chapter, mentioning 
hew this content woxjld he useful for the 
practise of the vocation concemo.l. 

b) Recent development — some interesting information 
about new technologies or research findings in 
respect of that vocation, with emphasis en Indian 
context will b«- provided here . The main purpose 
of this section is motivational, 

c) Bridge material for an understanding of the chemistry 
content of this vocational course • This section will 
provide a base fur the next sectli->n, and may be 
included, if necessary, 

d) Chemistry content of t he vocational course * 

It would include suitable material for an 

understanding of the chemistry content, as, spelt out 
in sccti'-'n ^2), Suitable information about demonst- 
rt*tlone, studentsf experiinfc|ita^ teaching a^Lds etO-» 
wjlH be provided,-.*.'. „ .-i 
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e) Ev£iluati«-(a * Itome for evaluati^ja an ohPmlstry 
conlicnt mtty be in elude-J be re, 

f) Rg fere nee. 

Let ue taJse, fox excunple, the vooatl>^ ' Croi- Producti-n*. 
Tbs TIntroduotiua' of tbs BupLlemcntaiy leadinr; material 
will provide Informo-tl^n about the «p»rocn rc-vulution« how It 
wae brought about In our country, the rule of cclcntlflc 
rssearch, IncluJlnE that in ohomlstry. The main purpose of 
this sectlv-n would be motivational. 

The next eecti-n nay spoil out the chemistry content for 

this vecatlLjn and oreaniac that intj such chapters as s Fortl— 
lisert, Pesticilcs, safe stcrUfjc of Crops (role of chemistry ) 
Each chapter nc.y then be further discusc-Gd as sugrcstcd 
above, 



1 


n I 


f, 

% t 

, I , 

M TOCiMiL OOMFEffloIES niTlTitCW 


Biowledgc 

skillr ' 

personality traits 

1 . 

& 

4 ‘ ' 

5 

ci^tation and nutrition of 

- Cleaning of c.if 

• Cleanliness 

coif 

4 

1 

Eole of ccloEtrim, weaning 

^HfindlLDg of calf 

>- Oarefulness 

- Cutting and sealing 
of naval cord, , 

- yidlancc 


^ Wolphina of calf 


Materials for housing 

- Ircparaticn of 
conctntrtite mixtures, 

- Sldllfulncss 

Types of feels and their 



classification* 

- ircparation of mineral 

■: Dipltji of labour 


mixture, 

1 » 

Itoctions of water in tte 


' 

W 1 

body, 



■ Oompoeition of milk 

- Milk Testing . 



■ Jtictor? afftotlng milk 
proiucticn, 









2 


2 


4 


5 


•deji milk trcjudtk - Factors affecting oleon 
an] ite hailing proMon, 

-Oomposltlon of lUk 

- Bacteriological and 
cheiical quality of 
milk, 


- flatfom test 

- lerscnol 

• Fat tlst 

hyglne 

- Laotouster reading 

^ deanllness 


- Accuracy 

- Acidity test 


dot cn-bciliing test 

- SklllMness 

-Sediinent test 


“ Bacteriological test . 

- Hard work 


- I^thylene blue roducticn 
test, 


- {Ipld and laboratory tf ste 
for HBtitis, 


- (leaning and sterilization 
of utensils, 


licntificatl^jn of onliai - dlent heat 
on Ocstm, 

CJlceti-n, evaluation -F'^etors afftoting 
and processing of segin, rreservation 

- Frrtc-rvativir 


1 

Aritfiolal insouinatien - Homacs related to 

, ^ 

-Imctuality 


reproduction 

f 



First ail to cODiuon cilnentf 

and prophylaxis against - Frcventk masurcs against 
ooncji dis&sc concn discu'scs, 


- First aid to oninal 
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1 2 

3 

4 

5 ■ 

3-1-18 IiispOELtl of dead 

1 

■tji£lnfccti.n of ilaoe 

-Ecijovsl cf skin of dead 
anM 

. Hsit to ?ctcrinary Hospital 
for dcmastraticji of pogt 
Eirtciii, ekin removal rnfl 
digpofCl, 

m " ^ m _ __ _ 

- Sturdiness 
-IdfTiity of 
labour 

Carcfulncfs, 

, . 

3,1,19 ii6si£tlnf; in 
scientific rcfcarch, 

-Iteding and nanufOnent cf 
exiap^'rkntal cnimale 
-S0DiJin2 of test laterial 
including collcctiji cf 
fcloid sampl'-e, 

-Eccoiding of i-afic fata' 

- 0-llcction cf tl-cd, milk, 
du] and urine sejiplof, 

- OcMon of feeds and 
fodder sample 

-kMngendm’ suicmcnts 
of anlialr, 

-Rcc'idinS'Cf mc^rclorlccl 

- Hcncsty 

" Iiticnce 
.IPfrcciatioi 
-Mti^ti-n 

- 'Jillln.'jiccs 

3,2,9 Iicceivln^ efaluati,n 

to-fine cf Bilk, 

1 

- oamtlinc procedure 

- OoBtOfition and ipuolitj of 

Bilk, 

* • * ” 

- oipling 

i 

- Sincerity 

- • ' 

f ■ 

- ilk adultrontf, 

i 

' 

3,3,1 Sterilizing artificial 

- IJec and avallajlitj of 

1 'd6tfcri;entc and sanitizers 

- Sterllizatlji cf equipment 

- StErilizaticn of media 

- deanlinesE / 


inECiidjiatim equltifnt - Sterilization .i a,i, 
equipment, 









1 


2 


4 


5 


,3,3,4 Pi659nation sernsn 


3,3,5 Transport of saraon 


Prjnclfiaj and pro^ilire - Pio^jflu/ii'iluu oi 'Hpjiniil 

for atoraga of seiBn, ssiaan ^ , 

- Sonroa aa'd availabilltj of •< Handling of liquid - Carofulncas 
liquid nitrogen, 


liquid nlJrogGn, 

3,4,3 l^alrtonsnce and 
upkcip of etoros 

1 

- Protoction measures against 
pests, rodiicnta, fi^if and 
theft, 

- Precautions in the, u&e of 
[csticlaes and rodenticidcs 

- Identification of oonon 
pesticides and rodentici 
des, 

1 . > 

-Methods of tteir appli¬ 
cation,. 

- Honesty 

- Efficiency 

- Sincerity 

- Hardwork 

3,4,4 Guiiiing and aidysls 
of Ld Ingrodicnti 

j 

- PMhods of sampling 

- procedirt end nfithode 
of physical and chemical 
analysis, 

“ phyeictil and chemiceil 
- Preparation of common 

1*0 gents. 

-Comprehension 
- Precision 

3,5,1 Frooirciasnt of seeds 
and other inputs, 

■ Types of manures and 
fertilizers 

■ important pesticides, 

- Identification of seads 
fertilizers and pesticides 

- Disorcmlng 

1 

3,5,2 Ning soil and wter 

- !£thods of sampling 

*■ sample collection, 

- Carefulness 

Siplcs for (iisiysls 

“Samples collection 




Processing of saiplog 
for despatch, 











1 


2 


3 


4 


5 


- - - . ^ 

3,5,4 iippUcdtiui of MuifGs - Itthods of apiiiciiticn -Calculation for fertilizer - Skillfulness 
and fertilizers, - Calculatigns for ftrtilizer rcquirCEonti based a soil 

requiretats based on EoU test data, 

test data, • ‘ OaDprcheiisiaii 

- Use of bactcrifll fiirtilizers. - ipplicaiian of fertilizers 

Md MUICS, 

- Eolc of miori^utrients, - Inoculation of bocteriol 

' fertilizers, 


3,6,1 Pi^intoce and upkeep 

-faricus glassware Old 

- Ol^ratiun of basic laboratory 

of laboratfiry ogjiipiient, 

- equipment and their use 

equipment • Carefiincss 

- dcanlincp? 

3,6,2 .ijanpling and processing 

■ l^thods of sampling 

- Sampling of biological • ifcaoy 

of test naterial 


material life blood, milk, 


and milk piO(}icts, urine, 
dugi, feed etc, 

- Processing of samples for 


3,648 Preparing necessary - Important laboratory reagents - Preparation of reagents - iccuracy 

reagents and tbeir and their preparation 

, storage - Precautions in storage of 

different laboratory 
chcmicols 


-lirst aid Dcthods safety 
insure against hazeirds, 









t 


P «( H ■ 

1 

2 

3 4 

5 ' 

„ p ■ P 

5.M 

fiysis of igt Eaterial 

.. l^thods of finalyMs -Mysisof test material 

-Accuracy 

Oarefulness 

P P p ■ 

S.6.5 

dccfijng of^asswarc 

- Diffticnt (IctGrgents and - Washing and altaning 
their use, 

- dconliness 

H « P H 

5,7,5 

Storey cf dairy 
^ruductfi 

" storage system for “ Sanitatiii and fi]ni!iigi-.tiwn 

different dairy of stores, 

preduota. 

- Cirefulness , ^ 



-Maintenance and upteep 
of stvics, 




-yUfltors affSeting quality 
of stored products 

- 



-Dse of fiiigants > v 


p p p p 

5.7.7 

CL.Jnijig and S’Cnittitian 
of equipment 

- Different detergents and - inalysle of water 

- saiitizcrs - Clsaninf f^id fonitizaticn 

of equipment 

- Carefulness 

- dennlincsp 


4thcds cf clciing 'M 
sanitation 


- Water quality 


5,9 Fain EEcyclliig J^dstant 

5,9,1 iinding cut the extent 

cf avjilahility of 
various fam wa&teg 


- Different fan vaster 
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1 

2 

3 

4 

5 

S,9,2 

, PliinnlngforutilizQticii 
ae goliar gae/bio-gis 
comp st, cto,^ 

-Principles of recycling 
-Types of gobar gas plait 
“Compost making 

-Layout cf gobcj: gas end 
compost-pit 

■ Ccmpichcnsion 

-Hard work / 

1 

t 

- Layout and preparation cf 

gebar gas and compost pit 

1 

> ' 

, 

1 

1 



- LOCKS and subsidies 



3,9,! 

Collection irocasging 
offari waste 

-fcthoilw cf proecsein,: waats 
■l^htods of compost making 

.Making cf slurry for 
ftbir gas plant 
killing of compost pit 

- Disnlty of labour 

- Hard work 
-,sincerity 

3.9,t 

Digtrlbnti.n uf gas 
an^ utilization of 
recycled maiiial. 

-Different uses of gas end 
types of connections 

• Composition of slurry and 
COQpOst , 

- jjplioaticn of slurry and 

compost 

-Carefulness 

- Hard work 

3,9,5 

Educating the fariiiors 
for prupti utilizatiui 
cf farmwasfe:, 

- Importance ^,f recycling 
of farm wa&to 


- Oomprehensicn 

3,10 

jecie-tarji Milk Cooperatives 



3.12 

Monufacture cf Dairv 
Products 1 


9 














1 . 

4 

5 

k utbogilf, 

“Wcl EcheuPs for haii'lltnji 

1 ' 1^ k 

«iford vork 

i yar6a, 

IDO ad 200 liters of milk 

" Difmity of 

iaitois, 

f 


labour, 

t 

kries, 

( 1 V 

- Eohsif for ttufaot- 

- Hard work 


tarinj! «c ton coipoiadod 

-Dimity of 

pcka 

nodictforday, 

" (kipreknEii.r 


I 


I 







Theory 


Principles of Aiimal Hous^g, anima^ shade, designs 
of animsl house. Materials used In oonstructicM, Ailmal 
reaposnses to environmental changes. Protection against 
beat and cold. 


Definition of health and diseases, 51^s of health. 
Hr st aid and treatment for common ail-iient 


dlarrhoeo., dysentry, indigestion, ig^mponitlE, injuries and 
wovmds, symptoms and preventive measures for animals. 
Diagnosis and prophylaxis of common diseases llbe ^thrax, 
Elnde rpest. Block Quarter, Bfcomorrahic septicaemia^ tuber¬ 
culosis and Stoot and Mouth diecaf-c. Eradication of parasH 
infestation and wonns, Cyp-ptoms of discaeas of rcproduotii 
tr-'Ot, l^stitle and its ccaitrol, yeaiwist vaccinaticn 
schedule against common diseases, 

, , Practicala 

— Etcding colostrum to new bom calf 

— Determination of pulse, tenape aturc and rcspiratic 

— Testing milk for maetit ie 


Theory 

Soils of India, CLassiflcation of soil on the basis 
colour and texture. Physical and chenlcJl properties of soll^. 


«oil end water sampling, their processing £tnd despatch, Riotoi 
affecting soil fertility andproduotivity. Types of manures 
and fertilizers and the principlee of thslr application, 
AgrLcultur-jl meteorology, 

Importonec of fodder production and methods of conser¬ 
vation, Ifethode of silage making — suitable crops, changCE 
during c&iling, ensilinj.,, enrichment of silage and preparatlci 
of silage from straws. Hay making. Nutrient lostes 
during ocnsCrvation, Farm by-products and their eti-rage. 
Importance and utilisation of f..iiinc fei.do unccnvcnti^^ncl 
fodder crops end thc<- 1''’v^f, P i-tur-. ” aa .. :_■ i 



-» 10 
Pra-cticale 

Soil anc3-waiter sai^O^g 
Oompost making 

# 

f*-lt to bio-gag plants and etu’y oft 
i) Lauout and operatic 
li) distribution and utHiaati ^ 
rolculation of fertilizer requirements for different 
cropa baged caa soil teat data 


i Importance of nutrition in animal production. Ccmmon 
|na8 used for various feed stuffs. CLasslfication of feed 
Jiffs ond their categorisation into basal feeds, protein, 
|rgy, mineral, vitamin, supplements, feed addtivos, agro-indus- 
Sa; by products and un-convcntionol fetda and fooders. 

I aelGctlon of feeds, formulation^ grinding, mixing, 

|.l6tlng, packaging and storage, Preparation of mineral 
Iture-ingredients, theo availability, grinding, mixing and 
trage, iLdvontages and dleadvmgagc. .f compounding end 
listing. Principles of sturage and mculntenoncc of stoics, 

niidlan ^tondard Institute (isi) specification for various 
ad ingiedicnts and compounded fccds^ peeding schedules for 
various categories of animals viz. ne^ bom, growing edves, 
heifers, milch animals breding bciig bullocks and dry animals, 

ItBtabolic disorders, thoir causes, identification, prevention 
and remedy. 

• -Practical 

S=mBlu>8 lahcStoE effeca, foad^ra, url=<= 

I^poration of various laboratory icage-nte and stendzrd 
solutionE 

' ^X^termlaatloi „£ Molstura/bry matter 
Preparation Ether Extract 
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Identification and application of jnsescticides and 


fumigants 

Preparatiqi of mineral mixtures 

Calculaticn of feed and fodder requirements of diary- 

arm having 5 milch cattle wi-th dependants, 

r, Oig an is at ion of a feed analysis laboratory its 

oquipmen-fc, glasswares and chemicals. 

Theory 

Ihdecrinology of reproduction. Primary and secondary 
hormwiws of i-oprodnctlon. Hole of liypochal amnSj pitiiatary 
orgons in reproductive cycle. Role of F.G.H,^ L,H,, prolaction, 
estrogen progesteroncj testestorenoj osytoxln in reproduction. 
History of arltlflcial inscralnauion, advantages and 
limitation of A.I, Methods of semen collection. Sex behaviour 
and libide in males. Physical, microscopic and chemical 
tests for evaluation of semen* Qualities of a good semen extender, 

semen extenders, extension of dilution rate determination. 

Practical 3 

_ Washing, donning nhd stcrllization of A,I, oquipnent 

„ Chemical examlnabion of semen, pH methylene blue 

reduction tost and cataiass tost, 

.. Demonstration of deep freezing of semen, labelling of 

straws, their fillIhg, and preservation in liquid nitrogen 
Physical and chemiccCL properties of milk, ^^pca of micra- 

organisms present in milmilk In relation to public health. 

Functioning of ohailng centros. Milk reception, testing 
and grading at chilling centre. Different methods of chilling 
and storage. Modes of transport of chilled milk. Equipment 
used in reception of mllk-vcsseXa, cans, -tankers, Receiving 
devices. 

Principles of clarification, separation and pasteurlzaticn 
of milk. Methods uf pastcurizaticn. LTLT and HTST, Methods of 
packing, different packing matorlols, Dispe-nsiHo of milk through 
hottles, cartons and P<^ohes, standardization, homogenization 
and sterlli^tion of milk. 
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Manufacture, oompwsiti'Jn anJ dcfccty of different milk 
products cream, butter, ghee, Khoa, ohhana, pemccr, milk bated 
gweete, curd, ice cream etc. 

Storage procesped milk and milk produotisi . Maintenance 
and care of stores* Spollag.- during storage * Tronepwrtation 
of milk products» 

Simpling procedures for milk and milk products, labelling 
of samples. Testing of samplet—Platform and routine tests. 

Milk standards and legislati-n rsrarding quality and 
sanitatLv-n. Types of detergents, s-onitzers and their use. 
washing and sanitization of dairy equipment, 

Practicals 


GhiUlng of milk 
Straining and clariflcation 
Cream separation of milk 
Standarlzati^n of milk 
Pastsurizatien of milk 
Preparation of flavoured mi-lk 
Preparation of sterilized milk 
Preparation of ersam 
Preparation of butter 
Preparation of ghee 
Preparation of Khca 
Preparation of Chhona 
Preparation of panner 
Preparation of Kalakakand/Burfi 
Pre_&paration i-f curd 
Preparation of ice cream 


Proserv.otion of milk samples and their analysis 


Cleaning and soaltizati-n of dairy equipment 
Garber fat test 

Detcraiinaticn. of specific gr?»vity of milk by lactometer 
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Determination of tiorablo q.isi^ity in milk •' 
tecliEicnt test 
GLot-cn-t)oil (COB) “Efeut 
Resiizurln t<-at 

jiiolysife of Jolry pri^ducts to meet stonJard 


7. Su.Tf.cate d list of Laboratory Cbcmlor.ls 
Bcrtlllzera. deterriente. tostlcldx-s etc. 

1, Sulphurio acid (G. Grad<-) 

2, SulpSiurlc acid (L.E.) 

3, ^yl alcohol 

4, Sodivua hyroxide (pellets) 

5, Litmus pape r 

6, niter paper (Whatman No, l & 40) 

7, Petroleum ether (40 ~6o5*C ) 

8. Copper sulphate 

9. Sodium sulphate 

10, potassium dichromate 

11, Sodium bl^carbunate 

12, Oxalic acid 

13, Eosin voter soluble 

14, Nisro tine waicr soluble 

15, Methyl Hue 

16 , Rc sazurin 

17, Phenol phthclin 

18 , petrHeum jelly/Liqiiid paraffin 

19, Spirit 

20, Mtistaid Solution 

21, Sodium citrate 

22, SLucoee 

23, t-ulphanilu.midc 

Penicillin G-Sodium . 


5 litres 
5 litres 
2x 500 ml 
500 f^ms 
blue and red 
1 packet each 
5 litre-a 
500 gms. 

500 gms, 

500 gms, 

500 gms 
500 gms, 

25 gms, 

100 gms, 

25 gms, 

25 gms, 

25 gme, 

500 ml 
5 litre 
500 ml 
500 ml 
500 gms 

100 C'IDS 
5 X 1 pm 


24 



i 
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£5, 

Strt.pt oiaytln sulphate 

5 X 1 gta 

26. 

Jimatto colour 


27. 

Butter salt 

500 gms 

28, 

Sodium alginate 

500 gms 

29. 

Colour for ice-cream 



Straw borry- 



Rose ■ - 



CJoffee 



Ea.avuUT for ice-cream 

- 


Vanilla 

• 


Pine apple 

' 


Orottge 

- 


Banana 

' 

30, 

W.B.Oi Diluting fluid 


31* 

RiB.ilfc Diluting fluid 

• 

52, 

JSmmanium sulphate 

•i 

S3, 

Brea 


34. 

Super phosphate 

. 

35. 

Rock Phosphate 


36. 

Potassium yulphate 


37, 

Muriate of potash 


38. 

Zink sulphate 

- 

39. 

GLtrio acid 



Pesticides 


40. 

Mai at hi 

' 

41. 

Pormalde hyde 

' 

-* 

Deteraentp 


42. 

Tea pol 


43. 

Liquid soaps 


44, 

Vim 

> 

45, 

Bleaching powder 
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8, Sueasstscl list >jf <^cniluEic-nt ana toula 


S.Wo, 

llaia& oT aiticil&e 

Quantity 

1. 

Syrlnes 10 ml 

5 

2. 

^irst Jlicl Kit 

2 

3, 

Tc-ngs 

2 

4. 

Liqjiid Nitrogtri contained 

1 


(oomiletc 5 lit, cay). 


5. 

Hot Gir even 

1 

6. 

Jintovclavc 

1 

7. 

Syringe sterilizer 

1 

B. 

Hot plaatee 

1 

g. 

SGxKLet Gyyaratus 

. > 

1 

10. 

Water distillati-n apparatus 

1 

11. 

Muffle flimaoc 

1 

12. 

EiiGmal trays 

2 

13, 

Moistxxre b'-xea 

10 

14. 

CShemical balGnQ<- 

10 

15. 

Weight box 

1 

16 . 

In cubator 

1 

17. 

Milk measures 250 ml 

1 


500 ml 

1 


1000 90 . 

1 

18. 

Trii-ed st nds 

2 

ns. 

Pastlc and Mortar 

2 

20, 

Grinder (H-ind operated) 

1 

21. 

Semen Shipners 

2 

22. 

Resazurin colotir ocmijaiat^r 

1 

23. 

Strainers 

6 

24. 

Volumetric flask 100 ml, 250 nl, 1000 ml, 

2000 ml, 5 

25, 

Re Giants bottles 

250 ml 

10 


10 
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27, I>e6lcea.tor 

Wash battles 500 ml cap, 

29 , GLagf tubing 

30 ^irit lamps 

31, SLldes and cover slips 

32, Indloa-tor bottles 

35, Sample bottles 

10, Suaqested list of miscellaneous i-fcsms 

1. Ke rosen* 

g, Muelinc doth 

3, Burette stand 

4, Test tube stand 

5, Rubbe r tubing 

6• Taps 


1 

ID 

1 

10 

IDO 

10 



50 


I'tln ‘ 
lA meter 
10 
10 

10 mt, 

1 ETTOdSa 




